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The geographic area covered in this report extends from 
Cape Hatteras, North Carolina, on the north, to Cape Canaveral, 
Florida, to the south. Included within this area are portions 
of the coastal areas of South Carolina and Georgia. All or 
portions of thirty coastal counties are included within the 
study area. 
Estuaries in this area tend to be partially mixed due 
to relatively low runoff per mile of coast. The proximity 
of the Gulf Stream to the continental shelf and the low 
runoff combine to cause the salinity of the coastal water to 
be somewhat higher than that of the coastal water north 
of Cape Hatteras. Surface isotherms parallel the coast and 
temperatures generally increase seaward. Maximum horizontal 
gradients and minimum vertical gradients of temperature are 
usually found during winter. 
This coastal region is warm temperate in character with 
a strong maritime influence. There is a tendency toward an 
annual division into two seasons, with higher precipitation 
during the summer than the winter. Local afternoon thunder­
showers produce most of the summer rainfall. Wind activity is 
generally low, flowing mainly from the northern quadrants in 
winter and southern quadrants during summer. Severe storm 
development is infrequent throughout the region. 
Geologically the area comprises the southern segment 
of the Atlantic Coastal Plain. The area between Cape Hatteras 
and Cape Romain is distinctive for its three large smooth 
scallops between Capes Hatteras, Lookout, Fear, and Romain. 
South of Cape Romain, the area is characterized by extensive 
salt marshes bordered by a belt of low lying islands, the 
"Sea Islands" of South Carolina and Georgia. South of the 
Sea Islands are extensive beaches and associated dunes which 
create lagoonal flats inland. 
iii 
From a chemical standpoint, the area is characterized by 
generally low nutrienL input from rivers, especially nitrogen, 
resulting in low phytoplankton production. Heavy detritus loads 
from adjacent salt marshes keep the oxygen level in estuaries 
below saturation. These streams have little capacity to 
assimilate additional oxygen demand. 
Zoogeographically, the area comprises the Carolinian 
Province. At the northern end, long, narrow barrier islands, 
well separated from the mainland, are backed by irregularly­
flooded marshes. The enclosed sounds with muddy bottoms and 
high turbidity, are productive nursery grounds for commercial 
fish and shellfish. Along South Carolina and Georgia, the salt 
marshes provide the base of the food chain for the estuaries. 
Along the remainder of the coast, the mainland is exposed to 
the sea. The offshore region is sandy throughout with out­
croppings of coral, rock, and other substrates called live­
bottom habitats which are productive of fishery products. 
The biota is basically temperate with a number of subtropical_ 
species. 
Economically, the area of the study is generally de­
pressed. The highest degree of urbanization has occurred at 
the major ports in the area: Wilmington, North Carolina; 
Charleston, South Carolina; Savannah, Georgia; and Jacksonville, 
Florida. Per capita income in the area is below U. S. averages 
in 29 of the 30 counties. Six counties are primarily dependent 
upon manufacturing as a source of income, six on farming, nine 
on government (primarily military bases), three on services, 
and six have no dominant sector. 
This area then, beginning just below the southern limit 
of the North Eastern Megalopolis and extending to the booming 
Florida peninsula, is one of the largest portions of relatively 
unspoiled, undeveloped sea coast in the contiguous United States. 
The possibility of rapid coastal development associated with 
Outer Continental Shelf resources development should be of prime 
concern to planners and managers at all levels of government and 
industry. 
It is hoped that this report will be useful to planners 
and managers as they chart the course of development in the area, 
and as a data base for preparation of environmental impact 
statements covering the broad area. There is, however, a seri­
ous need for additional data in various disciplines relative to 
the entire region, and especially relative to small subsections 
such as individual estuaries. The present summary hopefully 
identifies those subjects and areas requiring further study 
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1.1. Objectives of the Report 
The objective of this report is to provide pertinent infor­
mation relevant to the environmental impact of oil and gas 
leasing and other potentially exploitable resources on the 
continental shelf and coastal plain. Therefore, written material 
which in the opinion of the authors is unrelated to exploitation 
is not included. It is recognized that decisions to lease must 
necessarily consider environmental impact on the surrounding 
region; consequently geologic information relevant to transpor­
tation of hydrocarbons is included. The format is designeq to 
assist the user to utilize materials in the easiest possible way. 
It is assumed that if leasing is requested that each lease will 
have to be researched individually. To make this easier the 
report presents publications in the form of data matrices from 
which the user may select those papers thought to be most rele­
vant. The report furthermore summarizes information and its 
relationship to oil and gas leasing. The written format adopted 
has been to discuss the coastal plain and continental shelf in 
a general way. After that the discussion centers on six subzones 
arbitrarily defined on Figure 1.1: Subzone I between Cape 
Hatteras and Winyah Bay, South Carolina; Subzone II between 
Winyah Bay and the St. Johns River, Florida; and Subzone III 
between the St. Johns River and Cape Canaveral. Each subzone 
is divided into a land portion and a continental shelf portion. 
In a crude way the subzones correspond to the barrier island­
cuspate coast of North Carolina, the Sea Island coast of South 
Carolina-Georgia, and the Florida coast. 
1.2. Evaluation of Source Materials 
1.2.1. Written Reports 
The report has been prepared from existing published 
literature, maps, and charts. There is an enormous volume of 
information available in the form of aerial photographs taken 
by the u. S. Geological Survey, the Coast and Geodetic Survey, 
and the Department of Agriculture. NASA has an ever growing 
file of small-scale high-altitude satellite and aircraft 
photographs. One might assume that the Geological Survey has 
in its files much unpublished information regarding mineral 
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resources. The same may be assumed for each of the state 
geological surveys. The Army Corps of Engineers usually has 
solid files on dredging history of major ports and access to 
feasibility studies which were done prior to marine construc­
tion. For site-specific problems the Corps is often the best 
source for sediment studies and marine construction problems. 
Every university which has a Department of Geology must be con­
sidered a prime source of information for local problems, and 
the same may be said for marine institutes both within and 
without the defined study area. 
The Army Corps of Engineers Waterways Experiment Station 
in Vicksburg, Mississippi, is constructing a hydraulic model of 
the Cape Fear River. In addition they are a source of infor­
mation for past model studies which might have been conducted. 
Literary sources which are considered pertinent are inter­
preted with respect to the problem at hand. This means that 
our viewpoint is not only not necessarily that of the authors 
but the material is not necessarily used in the context of the 
original. It is felt that literary summaries are not helpful in 
this report; however, where possible, abstracts of papers cited 
have been included as an appendix. If a user therefore desires 
to know more about a particular reference he can first go to the 
abstract before reading the text of the original. 
1.2.1.1. Matrices 
Literary information has been codified into nine data 
matrices (see Tables 1.1 and 1.2 for the first two). This 
device summarizes our opinion regarding source information. 
For example, if one is interested in a general overview of the 
entire coastal plain it is our opinion that references found in 
the last bracket of Column 1, Table 1.1 are most relevant, 
namely 89 and 169. If one is interested in phosphate on the 
continental shelf then papers 45 and 84 listed in Column 1, 
Table 1.2 opposite Phosphate are the best. Each subzone has a 
data matrix, therefore, there is considerable repetition. If 
one understands the contents of the papers listed then he should 
be in a position to proceed with an environmental impact state­
ment even though additional work might be needed, and even though 
something might have been missed. 
1.2.2. Charts 
Good charts of the sea floor are fundamental to decision 
making in the sea. It is of paramount importance that the user 
appreciate the accuracy inherent in any single chart as well as 
3 
Table 1.1. Data Matrix - Coastal Plain: General 
Most Stratig-
Tmnr....-+-::an+- G,::,npr::al �+-rnrt-nrp ranhv Sediments Toooaraohv 
33, 34, 89, 97, 89, 97, 
Oil and 89, 97, 132 106 
Gas 109 
Manganese 
55 105 115 
Phosphate 




120, 127 114 
Heavy 
Minerals 
68 67, 68, l0E 
Ground-
water 
89, 169 63 7, 46 58, 63, 91, 126, 
General 128, 169 
Geology 
,. 
Table 1.2. Data Matrix - Continental Shelf: General-
Most Stratig-
Important General Structure raphy Sediments Topography 
33, 34, 8 9, 35, 41, 87, so, 51, 22, 89, 
Oil and 97, 109 109, 141, 69, 97 97 
Gas 161, 170 














4, 11, 25, 1,8,11, 5, 10, Il, 9, 22, 6, 7 , 26, 4, 23, 25, 
General 69, 89, 17,18,19, 69, 72, 89, 97 27, 36, 27, 29, 30, 
Geology 97, 163 36,37,40, 82, 86, 47, 54, 31, 36, 43, 
77,99,103, 151 90, 101 71, 163 
163 104, 116 
the accuracy involved in comparing one chart with another. The 
literature abounds with reports interpreting sea floor behavior 
on the basis of chart comparison yet very few of these reports 
attempt to separate possible error from natural change. The only 
thorough analysis of this subject known to this writer is that 
of Sallenger (125) who presented a diagram to show the quality 
control acceptable to the USC&GS (Figure 1.2). 
There are several bathymetric and diagrammatic charts 
available (17, 23, 25, 48, 97) and some small-scale charts 
contoured from USC&GS data (11, 36, 37). 
The most useful charts are the 1100 and 1200 series of the 
USC&GS (Table 1.3). If a particular problem arises locally 
it is wise to obtain the complete set of boat sheet charts of 
raw data and recontour the required area. 
For coastal areas and land areas the U. s. Geological 
Survey Quadrangles and some of their larger maps are unmatched 
anywhere in the world for quality, low cost, and easy avail­
ability. 
1.3. Information Gaps 
Insofar as geology is concerned the single most serious 
data gap relevant to environmental impact due to exploitation 
of minerals concerns effects of industrial demands for water 
and related pollution of the water supply. There is an active 
literature about this problem centered on Long Island (168) 
where the situation is grave, but much more needs to be known 
in the areas where the water table is near or at the land 
surface. The problem exists along most of the low-lying coastal 
areas in this study region and becomes critical in Florida where 
the aquifers are associated with near-surface limestones. 
Unless the present exploration practices for petroleum are 
greatly different from the past, one must assume that a number 
of companies are accruing enormous inventories of stratigraphic 
and structural information relevant to leasing. It probably 
differs from that available in the open literature only in its 
much denser spacing. Seismic lines available from open litera­
ture might be hundreds of miles apart, whereas an exploration 
company could have them tens of miles apart or closer in areas 
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Figure 1.2. Assigned error limits to soundings of the Coast and Geodetic 
Survey (After Sallenger et al., 1974, ref. #125) 





















Cape Hatteras to Straits of F orida 
Cape Hatteras to Charleston 
Charleston Light to Cape Kennedy 
Pamlico Sound - western part 
Cape Hatteras - Wimble Shoals to Ocracoke Inlet 
Portsmouth Island to Beaufort, including Cape Lookout Shoals 
Cape Lookout to New River 
New River Inlet to Cape Fear 
Approaches to Cape Fear River 
Little R. In. to Winyah Bay Entr. 
Winyah B. Entr. to Isle of Palms 
Charleston Hbr. and approaches 
St. Helena Sd. to Savannah R. 
Tybee Island to Dobey Sound 
Dobey Sound to Fernandina 
Amelia Island to St. Augustine 
St. Augustine Lt. to Ponce de Leon Inlet 





















1.4. Location and Gross Description 
The area under consideration is the southern segment of 
the Atlantic Coastal Plain (Figure 1.1) and adjacent conti­
nental shelf between Cape Hatteras and Cape Canaveral. 
Although the study calls for information only to the 200-meter 
(660-foot) isobath, the Blake Plateau, which is deeper, has 
been included. 
Basically the plain and shelf can be described as a 
wedge of sediment which begins at the Fall Line where 
crystalline rocks are exposed and which thickens seaward to 
several thousands of feet at the shelf slope (Figure 1.3). 
This format is repeated but with structural and stratigraphic 
variations for the whole coastal plain and shelf. There are 
sufficient marine reservoir and source rocks within the sedi­
ments to encourage exploration for oil or gas. One must 
anticipate that because these favorable rock types become 
thicker and predominant seaward, that leasing, exploration and 
exploitation for gas and petroleum will be concentrated more 
on the shelf and the slope than on the subaerial part of the 
coastal plain where total sediment thickness is thin and the 
sediments represent mixtures of nonmarine, lagoonal, and 
marine habitats (Table 1.4). 
Sediments of the plain and shelf for the most part are 
exposed on the surface as unconsolidated deposits often covered 
by river alluvium, Pleistocene sands, marshes and Recent 
deposits. Although there are many exciting physiographic 
features such as old sea level beach-dune-lagoon complexes (126), 
the oval shaped Carolina Bays (89, 128), offshore barrier 
islands (169) or equally fascinating sea islands (91), the 
features of greatest importance to mineral deposits (including 
oil and gas) exploitation are the rivers (Figure 1.4) which 
determine major seaports, the swamps and sounds which reflect 
groundwater and nearshore fisheries exploitation, the beaches 
which harvest tourist dollars, and the submarine sand ridges 
which might affect pipeline construction. 
Charleston, Savannah, Jacksonville, and Wilmington are 
already major ports on large rivers. In the course of improving 
the ports by deepening channels, it was discovered that the 
deepening increased salt flow along the bottom (7) and this in 
turn trapped far more sediment in the estuary than was trapped 
prior to the improvement. One must anticipate more of this 
category of environmental impact as the exploitation increases 
demands upon rivers and possibly undeveloped sounds. 
9 
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8. Moderately low 
carbonate, ortho-
quartzitic sands. 
,. Moderately high 
carbonate, ortho-




6. Subarkoeic to arkoeic 
muds. 
7. Glauconitic ands •••• 
8. High-carbonate 
muds. 
9. Very high carbonate 
sands. 
Table 1. 4. 
Noncarbonate Percent Carbonate 
Location Sedilrent texture Color components carbonate mblqes 
Nearshore and off Very fine sands and Clear •••• - - ---- --- Arkoeic (north of Cape <2 Molluak; benthonic 
estuaries. muds. Hatteras), subarkosic to Foraminifera-molluak. 
south. 
Shelf north of Cape Medium to coarse Iron stained. ______ Subarkosic to arkosic ••• __ <5 Molluak; echinold-
Hatteras. sands. mollusk. 
Inner and middle shelf ••.• do •••••••••••••• Iron stained north Orthoquartzitlc-subarkosic; <25 Molluak; lithoclasta. 
south of Cape of Cape Romain. some subarkosic and 
Hatteras. orthoquarzitic. 
Middle and outer shelf, •••• do •••••••••••••• Iron stained in Mainly orthoquartzitic •••• 26--75 Oolite-pelletoid; molluak; 
Onslow Bay to central Onslow Bay; clear barnacle-coralline algae; 
Florida. in Florida. barnacle-mollusk; litbo-
clast. 
Southern Florida shelf.. •••• do •••••••••••••• Clear ••••••••••••• Orthoquartzitic •• _. _ ••••• >76 Oolite-pelletoid; coral reef; 
barnacle-mollusk. 
Sloir. north of Cape Silt and clay ••••••• __ •••• do •••••••••••• Subarkoeic to arkoeic ••••• 6--95 Pe\�c Foraminifera. atter 
SIT. between Cape Medium sand and Green to black. __ ._ Glauconite; orthoquart.- 26--95 Glauconitic Foraminifera; atteras and northern gravel. zitic-subarkosic off pela&ic Foraminilera. 
Florida. North Carolina; sub-
arkoeic to arkoslc to 
the south. 
Slope off Florida ••• _ •• _ Silt and clay ••••••••• Clear ••••••••••••• Subarkosic and arkosic; 60-95 Foramlnlf ra; glauconltic 
glauconite. Foraminifera. 
Blake Plateau and Medium sand; mud; Clear to orange •••• Some phosphate and >95 Planktonic Foraminllera; 
Straits of Florida. coarse sand and glauconite. Foraminlfera•pteropod. 
gravel. 
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Water and sediment discharge of the major rivers of the Atlantic 
coastal plain (After Meade, 1969, p. 224, ref. #7) 
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1.5. Geologic History 
Following the Appalachian orogeny in the late Paleozoic 
an extensive, very subdued erosion surface across the 
Appalachians, Blue Ridge, Triassic basins, and Piedmont was 
developed by a long period of erosion lasting through the 
Jurassic. This surface was depressed and during the Cretaceous, 
shallow seas invaded to the west of the present inner margin 
of Cretaceous sediments. The Lower Cretaceous sediments were 
entirely buried by the Upper Cretaceous. Extensive overlap 
occurred in the Upper Cretaceous during a series of emergences 
and submergences. The coastal plain-continental margin con­
tinued to sink throughout the Tertiary and sediments continued 
to be deposited, overlapping the older Cretaceous. During the 
Pleistocene, sea level dropped from what it was during the 
Pliocene exposing the whole continental shelf to subaerial 
processes. During the subsequent rises and falls associated 
with waxing and waning ice sheets the sea impressed both 
sedimentary and physiographic features on the shelf and plain 
in the form of old strand lines, terraces, and marsh complexes. 
1.6. Structure 
Structurally the eastern United States has been arbitrar­
ily divided into four sections (63) (Figure 1.5). The area 
studied includes the southernmost limit of the Embayed Section, 
the Cape Fear Arch, the Sea Islands Downwarp, and the Peninsular 
Arch. Interestingly enough, although this is a structural 
classification the resulting divisions correspond very closely 
with a topographic classification which would be the Barrier 
Islands-Cape Fear coast, the Sea Islands, and Florida. 
1.6.1. Embayed Section 
For the most part this section is all north of our study 
area, however, the southern few tens of miles cover Cape 
Hatteras, the associated barrier island complex and Pamlico 
Sound. In this section the lowermost parts of river valleys are 
drowned, and there are stretches of swampy alluvial flats 
upstream, as far west as the Fall Line. Along the coast there 
are extensive marshes and swamps. Low sand hills and dunes are 
well developed on many offshore islands, with a maximum height 
of 30 m (100 ft) along the Carolina coast. Pamlico Sound is the 
largest lagoon on the east coast of the United States. Its 
sediments are largely fine sand with silt and clay predominating 
in the deeper portions. There are Pleistocene marine terraces 
over much of the Coastal Plain, although they do not extend back 
to the Fall Line in this region. 
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Figure 1.5. Structural provinces of the Atlantic 
coastal plain (After Hunt, 1967, 




Topographically the boundary between the Coastal Plain 
and the Piedmont Province is not very distinct in the southern­
most part of the Embayed Section. There is a difference in the 
kind of topography and soil, but not much difference in altitude 
across the boundary, and tidewater does not extend to the Fall 
Line (63). 
1.6.2. Cape Fear Arch 
The Cape Fear Arch (also called the Wilmington High and 
Carolina Ridge), is a structural uplift amounting to about 760 m 
(2,500 ft) in southeastern North Carolina and northeastern South 
Carolina. The boundaries of this section are arbitrarily chosen 
as the Neuse River in the north and the Santee River in the 
south. This arch has a northwest-southeast trend, approximately 
at right angles to the regional trends of the coastal province 
and adjacent Appalachian element. Near its crest, at Wilmington, 
North Carolina, the basement is about 330 m (1,100 ft) below 
sea level. The basement slopes down to a depth of several 
thousand feet at Charleston, South Carolina, and to about 3,050 m 
(10,000 ft) at Cape Hatteras. Widespread Cretaceous outcrops 
disclose the effect of the arch at the surface (89). To the 
north and south the Cretaceous formations are overlain by 
Tertiary. Along the coast, between the Quaternary and Cretaceous 
is a narrow strip of outcropping marine Pliocene deposits (63). 
Seismic refraction profiles reveal that the arch extends 
beneath the shelf, plunging gently to the southeast. Therefore, 
the topographic ridge running southeast from the continental 
slope off Cape Fear appears to be also a structural ridge, 
which may continue across the slope into the Atlantic basin. 
Faulting and structural complexity of a northeast alignment 
occur on the arch (89). 
The boundary between the Coastal Plain and Piedmont 
Province is a well-defined contact between Cretaceous formations 
and crystalline rocks. There is little topographic relief across 
this boundary, as in the Embayed Section, but valleys deepen as 
they enter the Coastal Plain and are marked by falls at the Fall 
Line. Coastal terraces continue to be prominent. 
The coastline in this and the Embayed Section is distinc­
tive for its three large, smooth scallops between Capes 
Hatteras, Lookout, Fear, and Romain. Erosion is occurring on 
the scallops, and the debris is transported to the capes under 
the influence of wave refraction. The capes are thought to be 
loci of deltas. South of Cape Lookout the coast is low and 
frequently marshy, with barrier islands offshore. 
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1.6.3. Sea Islands Downwarp 
Between the Cape Fear Arch and the Florida peninsula is 
the Sea Islands Downwarp section of southeastern South Carolina 
and eastern Georgia. This downwarp is also known as the 
Southeast Georgia Basin or Embayrnent, the Savannah Basin or 
Embayrnent, the Beaufort Basin, and the Okefenokee Embayrnent. 
The Sea Islands Downwarp is an asymmetric shallow syncline, 
open on the seaward side, trending northwest to southeast. The 
southwest flank is steeper and more pronounced than the north 
and northeast flanks. There are normal, or gravity, faults from 
place to place. 
The basement surface slopes evenly seaward in the basin, 
from a depth of approximately sea level near the inner margin 
of the Coastal Plain to 1,830 m (6,000 ft) nearshore in the 
vicinity of Savannah (89). The topographic relief on this 
basement surface is on the order of 60 m (200 ft). 
The strata are early Mesozoic to late Cenozoic in age. 
The Cretaceous and Cenozoic are each several thousand feet 
thick, principally arenaceous-argillaceous facies updip, 
changing laterally downdip to marine, principally calcareous­
argillaceous facies. The sediment accumulations reflect 
intermittent submergence and relative negativeness of the basin 
( 8 9) • 
Physiographically the section is a youthful to mature 
terraced coastal plain. Marine terraces do not extend back 
to the Fall Line, rather there is a dissected, and therefore 
notably hilly, zone between the Fall Line hills and the 
coastal terraces. The submerged margin of this section has 
extensive salt marsh areas and is bordered by a belt about 
11 km (7 mi) wide of low-lying islands (see Figure 3.1). The 
outer edges of many of these islands are firm sandy beaches, 
often with dunes, some of which are moving inland. A recent 
downwarping or rise in sea level seems to have created the 
islands. There are stumps of live oak on the beaches, covered 
by high tide, and some tidal marshes have moved 0.4 km (0.25 mi) 
onto dry land in the last half century (63). 
In this section the "Carolina Bays" are most extensively 
developed. They are shallow depressions, commonly elliptical 
in outline, and of irregular size and distribution, with 
numerous theories as to their origin. Their name was probably 
derived from the common occurrence of evergreen bay trees 







1.6.4. Peninsular Arch 
The Peninsular (or Ocala) Arch section is a very youthful 
and recently emergent terraced coastal plain in southeastern 
Georgia and northern and central Florida. For this study the 
southern limit is Cape Canaveral. In the central uplands 
maximum elevations are on the order of 90 m (300 ft). Along 
the coast are lowlands, with coastal terraces of altitudes 
normally less than 30 m (100 ft). Shore area features are 
extensive beaches and associated dunes which create shallow 
lagoonal flats inland. These control drainage to such an extent 
that streams flow subparallel to the shore before crossing over 
into the ocean. Karst features are abundant because this section 
is largely underlain by carbonate rocks. They are most excel­
lently displayed in the central lake district. This karst 
topography has developed under conditions of low water table; 
with subsequent rise of sea level most of the underground 
passageways have filled with water. Only in the high parts of 
northern Florida are air-filled caverns found. Sinkholes are 
common and nearness of the water table to the surface results in 
lakes and ponds in many of them. There is an extensively 
developed artesian system. Several deep systems discharge on 
the sea bottom many miles offshore (13). Offshore bars and 
barrier islands border much of the eastern coast. 
The principal structural feature in this section is the 
Peninsular or Ocala Arch in the north-central part of the 
Florida peninsula. Its axis trends northwestward from about 
Cape Canaveral to south-central Georgia. On its west flank a 
gentle flexure called the Ocala Uplift has developed. 
The entire Florida platform is an anticlinal ridge of 
which the recently emergent peninsula is the highest part. 
The submerged portion greatly exceeds the emerged portion 
which is asymmetrically distributed over the Florida plateau. 
The edge of the shelf is only a few miles off the east coast, 
but many miles off the west coast. The submerged shelf is 
continuous with and supports the Bahama Banks. 
A crystalline basement is overlain by a sedimentary sec­
tion of known thicknesses ranging from 1,330 m (4,350 ft) in 
southeast Georgia to more than 3,540 m (11,600 ft) in southern 
Florida. The basement slopes off quite rapidly or possibly 
is downfaulted south of the latitude of Tampa Bay, since the 
sedimentary sequence thickens greatly seaward of that area. 
Some of the strata date back to the Paleozoic, but most are of 
Mesozoic and Cenozoic age. Under the central and southern part 
of the peninsula the arch is underlain by Cretaceous limestone 
and shale more than 3,050 m (10,000 ft) thick. The forma­

















the Cretaceous the site of Florida was a shallow basin and 3 km 
(2 mi) or more of sediments accumulated in the southern portion 
as the basin subsided. The Cenozoic deposits over the 
Cretaceous are comparatively thin. 
The Peninsular Arch first appeared in the Late Cretaceous. 
On the northwest it gradually merges with the normal coastal 
structures in central Georgia, and on the south and southeast 
it plunges beneath the South Florida Basin and disappears. The 
Ocala Uplift began before the Late Eocene and lasted into the 
Late Miocene. 
1.6.5. Faulting 
In general the coastal plain has been considered a region 
of comparative structural stability and this seems to be 
supported by the very broad structures found there, such as the 
Cape Fear Arch and the Peninsular Arch. 
Surficial evidence of faulting is difficult to find 
because of the almost universal cover of unconsolidated soils. 
In addition to this, the coastal plain beds are for the most 
part unconsolidated or poorly consolidated and dip at very low 
angles. Therefore, unless one has closely spaced wells, 
seismic lines or gravimeter surveys, local faults are almost 
impossible to discover. The situation therefore is that there 
is almost no information-regarding faulting on the coastal plain 
or shelf. 
Ferenczi (64) produced a map showing fault zones in North 
Carolina and part of South Carolina (Figure 2.2), but at best 
the interpretation is speculative. The best evidence for 
faulting is found on the eastern flank of the Peninsular Arch. 
Pirkle (61) points to drainage changes in and around the St. 
Johns River being due to faulting. Puri and Vernon (138) refer 
to the Kissimmee Faulted Flexure west southwest of Cape 
Canaveral. 
One must assume that the oil companies have found or will 
find small scale faulting around the major structures. This 
information is generally accepted as classified until the com­
pany which paid for the survey elects to make it public. This 
is a reasonable position because the surveys are expensive and 
the target a potential field. 
Insofar as an impact on the environment is concerned, 
faulting would mostly be a danger to structures. There is no 




due to faulting. Cable breaks on the shelf edge due to mud 
slides are not considered faulting by this writer. Therefore 
we conclude faulting is not environmentally serious per se. 
Naturally if a major structure were to be placed over an active 
fault the situation would not be good, but there are no known 
active faults on this coast. 
1.7. Stratigraphy 
Within the region of interest Cretaceous and Tertiary 
rocks crop out in belts approximately parallel to the coast­
line. In Florida and Georgia these rocks are mostly marine 
carbonates and farther north the section is mainly continental 
elastics, some marls and lignites. Seaward the stratigraphic 
section appears to become more calcareous but there is not 
nearly enough information on hand to know for certain. 
Regional correlation charts from Maher (97) (Table 1.5) 
indicate the relationship with Gulf Coast units. The 
correlations utilized drilling records, electric logs, sample 
logs and some measured sections. Locations of selected wells 
drilled into the coastal plain are given in Figure 1.6 from 
Maher (97). A twenty-page table giving statistics of these wells 
can be found in Maher (97, pp. 76-96). In general, the marine 
limestone sections with abundant microfossils are better under­
stood than the nonfossiliferous elastics closer to the Fall 
Line. If a situation arises where correlation is a critical 
element the user should proceed with caution and utilize as 
many detailed local studies and original source materials as 
possible. Maher (97) presents an excellent and extensive 
bibliography, more than adequate for a starter. 
1.8. Continental Shelf and "Slope" 
The seaward, submerged extension of the Coastal Plain is 
the continental margin which is quite distinctive along the 
southern part of the United States Atlantic Coast. Besides the 
typical gently sloping continental shelf and steeper continen­
tal slope there is a separate, relatively flat area called the 
Blake Plateau. 
At Cape Hatteras the width of the continental shelf is 
reduced to about 30 km (20 mi), half of which consists of 
Diamond Shoals with water depths of less than 10 m (30 ft). 
South of Cape Hatteras the shelf gradually widens, attaining 
a width of about 130 km (80 mi) off of Georgia, and then 
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The top of a slope, the Florida-Hatteras Slope, which 
separates the continental shelf from the Blake Plateau occurs 
at 80 m (260 ft) off Cape Hatteras, and averages only 55 m 
(180 ft) off the other Carolina capes south of Hatteras. The 
shelf-edge depths then increase to about 70 m (230 ft) until 
reaching Cape Canaveral where, as the shelf narrows, the edge 
gradually shoals to about 25 m (80 ft) near Palm Beach (99). 
Sand ridges and swales occur along the inner shelf from 
Cape Hatteras to Canaveral. They trend at quite large angles 
to the coast, and most approach the coast in a direction from 
the left of the coastal trend. Between Capes Fear and Romain 
they demonstrate a fan pattern with the apex seaward, near the 
shelf break. Off each of the cuspate capes, including Cape 
Canaveral, there are shoals which extend well across the shelf. 
The shelf also has occasional hills and depressions. Otherwise, 
it slopes seaward rather continuously, steepening at about 40 m 
(130 ft) (99). 
Off of the Carolina capes terrigenous sediments constitute 
most of the shelf cover. Farther south the nearshore sedi­
ments continue to be predominantly terrigenous, i.e., mostly 
quartz. A few miles from the coast relict sediments replace 
the recent detrital materials. These relict sediments have a 
mixture of shells, oolites, quartz, and an abundance of 
phosphorite, especially at the shelf edge, which is authigenic, 
indicating chemical action in an area of nondeposition (99). 
Off Florida sediments become more calcareous, and in shallow 
waters there is active carbonate deposition. 
The stratigraphy and structure beneath the shelf is not 
well known because except for a few shallow cores (22) all 
information must be inferred from seismic surveys, from slabs 
broken from the sea floor, and by inference of relationships 
with deep wells drilled on land. It would seem that the strata 
are those known from the emerged coastal plain and that the 
larger structures such as the Cape Fear Arch continue onto the 
shelf. 
The continental slope is an area of heightened interest 
for petroleum exploration because it is known that in most 
places the sedimentary rock column is very thick. Furthermore, 
the slope is a zone of structural activity and therefore of 
potential traps. However, in the region between Hatteras and 
Canaveral the slope is missing except for a few miles south 
of Hatteras. Along the rest of the study zone the slope has 
been replaced by the Blake Plateau. 
The Florida-Hatteras Slope between the Blake Plateau and 
the continental shelf (25) does not carry the same significance 
22 
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as the continental slope and should not be confused with it. 
So far as is known the Florida-Hatteras Slope is unrelated to 
structure or sediment thickness and is therefore of no 
particular interest to petroleum leasing. It is thought to 
be associated with the western edge of the Gulf Stream (25). 
1.9. Blake Plateau 
South of Cape Hatteras, along a line forming the south­
ward continuation of the northern shelf edge, is the outer 
margin of the Blake Plateau, a broad, relatively flat surface, 
intermediate in altitude between the shelf and the sea floor. 
This submarine plateau is as much as 270 km (170 mi) wide in 
the south, and wedges out to the north. Its surface, 550-730 m 
(1,800-2,400 ft) below the level of the inner continental shelf, 
is generally as flat as the shelf. To the north it has a gentle 
slope with some benches, and to the south it is almost horizon­
tal over wide areas, with relatively shallow basins and low 
ridges. Water depths over the plateau are mostly 640-910 m 
(2,100-3,000 ft), increasing to the south. The eastern edge 
of the plateau is the steep Blake Escarpment, inclined locally 
20° or more which drops 3,660 m (12,000 ft) to the floor of the 
ocean basin. There are no submarine canyons on the Blake 
Escarpment except the Great Abaco Canyon near the Bahama Banks. 
The southern border of the plateau is bounded on the west by the 
trough from the Straits of Florida and on the east by the Great 
Bahama Banks. 
There has been very little deposition on the deep plateau 
during the six million years since the Miocene. Several factors 
imply nondeposition and even erosion due to post-Miocene Gulf 
Stream action. Locally Eocene and Upper Cretaceous deposits have 
been discovered on the surface, photographs of ripples and rock 
outcrops indicate the action of bottom currents, the several 
hundred feet of Quaternary deposits on the northern Florida shelf 
and on the gentle marginal slope are scarcely present on the 
plateau, even local Miocene deposits are very thin, and 
authigenic manganese nodules are widespread and abundant on the 
plateau (99). 
Seismic profiles provide evidence of arches under the 
plateau which are assumed to be coral reefs. Living coral 
mounds and ridges are found over much of the area, even on the 
outer edge, and particularly beneath the axis of the Gulf 
Stream. Beneath these growing reefs are older ones which grew 
up as the plateau subsided. On the outer margin it is generally 
believed that a barrier reef grew on top of a Paleozoic 
structural arch, and between the shelf and the plateau the older 
carbonate ridges were mostly buried under the advancing slope. 
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1.10. Resources 
In addition to hydrocarbons and phosphate there are 
deposits of nonmetallic mineral resources already being ex­
ploited (89). Figures 1.7 and 1.8 show the general locations 
of them. The best sand and gravel deposits are presently found 
near the Fall Line. These require some washing. 
The potential for extracting heavy minerals from present 
day sand plants was looked into (119, 120) and the conclusion 
reached that it was economically impractical. The only 
deposits being exploited are in northern Florida. 
Minor amounts of marl and lime are taken principally near 
Charleston (118}. 
Phosphate is present in North Carolina and on the conti­
nental shelf and is of sufficient importance to be discussed 
i'n its pertinent subsections. It is relevant to this study 
because its exploitation requires strip mining. The big · 
phosphate deposits in central and western Florida (105) are 
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Figure 1.7. Geographic distribution of certain presently devel­
oped non-metallic mineral resources in central and 
northern portions of Atlantic coastal province 
(From Murray, 1961, p. 486, ref. #89, reprinted 
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Figure 1. 8. Geographic distribution of presently developed non-metallic mineral 
resources in southern Atlantic and Gulf coastal province of United 
States (From Murray, 1961, p. 487, ref. #89, reprinted with 
permission of Harper & Row, Publishers) 
CHAPTER 2 
COASTAL PLAIN - SUBZONE I 
CAPE HATTERAS TO WINYAH BAY 
2.1. Brief Description 
Subzone I includes the southernmost limit of the Ernbayed 
Section described in the introduction and part of the Cape 
Fear Arch. The shoreline includes all three arcuate embay­
ments between Capes Hatteras, Lookout, Fear and Romain, and 
the large sound, Pamlico, which separates the barrier islands 
from the mainland. 
2.2. Data Matrix 
An evaluation of source material was made and summarized 
in a matrix {Table 2.1). There is considerable solid infor­
mation concerning petroleum potential, structure and stratig­
raphy available from well records. These have been summarized 
{97) as excellent cross-sections from which much detailed 
stratigraphy can be obtained. 
Phosphate deposits are described and there is a thorough 
evaluation of heavy mineral potential {119, 120) and to some 
extent a description of sand and gravel operations {89, 120). 
There are reports on general geology describing the 
terraces, topography, and relationships of the area to the 
coastal plain. 
2.3. Physiography 
A string of barrier islands to the north and south of 
Cape Hatteras enclose wide, shallow Pamlico Sound. Both of 
these features are of great geologic and economic interest. 
The barrier islands for the most part are within the 
National Park System. Their value to the nation as a vacation 
center gives them high visibility. Their value as represent­
atives of a beautiful but fragile environment places their 
worth to environmen alists above price. They are unsuited to 
all forms of industrialization, mineral exploitation or shore 
based facilities associated with the petrochemical industry. 
At present the shorelines are undergoing severe erosion {73, 




Table 2.1. Data Matrix - Coastal Plain: Subzone I 
Most Stratig-
Imoortant General Structure raphy 
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that no engineering controls should be used (28). The National 
Park Service has stated that they will no longer attempt to 
interfere with erosion. 
Pamlico Sound (60) is another example of a fragile 
environment susceptible to destruction by industrialization and 
heavy pollution. The waters are very shallow and they flush 
principally through three inlets, Oregon, Hatteras, and 
Ocracoke. Circulation is strongly influenced by local winds 
and fresh water input. Therefore, one expects abrupt changes 
locally. Pollutants can be expected to react much the same 
way with the environment, placing excessive burdens locally 
depending upon variations in the weather. 
Pamlico Sound is surrounded by extensive swamps and 
low-lying areas where the water table is shallow. Effects of 
pollutants in such areas are poorly known and therefore load­
ing should be rigidly controlled until more is known about 
shallow water tables. 
Capes Hatteras, Fear, and Romain are dominant physio­
graphic land features which have extensive shoals offshore. 
The capes are considered to be loci of river deltas which 
spread over the continental shelf when sea level was lowered 
during the last ice age (31). Hopkins (29) further points 
out that the triangular geometric form of the capes is due to 
wave refraction off these deltas during sea level rise. Of 
more immediate import to petroleum leasing is that the 
associated shoals are very unstable and are ever changing 
their pattern. Therefore, they are areas which must be 
avoided for pipeline routes. Structures which might be placed 
on them should demonstrate beyond doubt that they are designed 
to withstand rough seas and shifting bedforms. 
2.4. Structure 
This subzone is dominated by the Cape Fear Arch (Figure 
2.1) (89). The axis of this arch trends roughly southeast, 
almost at right ngles to the coastal plain, intersecting the 
coast slightly southwest of Cape Fe r. Wells drilled on the 
arch show the sediment column to be about 340 m (1,100 ft) on 
the crest, 1,520 m (5,000 ft) to the north near Cape Lookout 
, and 760 m (2,500 ft) at Cape Romain. Seismic surveys (69, 
135) show the arch extending onto the continental shelf but
plunging. In short the arch can be described as a structural
nose with rocks pinching out on its flanks. A thorough review 
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Figure 2.1. Cross section across Cape Fear Arch, Subzone I (After 
Murray, 1961, p. 46, ref. #89, with permission of 







The arch represents a potential oil structure and one 
would expect it to receive considerable attention from those 
who expect it to receive considerable attention from those who 
explore for petroleum. Although the arch itself has no closure 
the fact that it is there indicates the possibility that 
faulting might be present both locally and regionally (64). 
There is also the possibility of stratigraphic traps on the 
flanks and nose. This writer sees no potential long-term 
damage from drilling or exploring the structure assuming 
reasonable controls are used. 
Ferenczi (64) discusses information which indicates 
possible fault zones on the North Carolina plain (Figure 2.2). 
The existence of the Cape Lookout-Neuse Fault zone is based 
on the difference in depth of the basement between two wells 
and on surface stratigraphic information near Goldsboro, 
North Carolina. There is not enough information available for 
one to delineate the proposed fault zones with much detail; 
however, it would not be at all surprising if they were present 
and for that matter others as yet undiscovered. One must. 
anticipate that these zones will not be ignored by petroleum 
companies. 
2.5. Exploitable Resources 
2.5.1. Oil and Gas 
At present there are no known deposits of oil nor gas in 
this subzone although exploratory wells have been drilled 
(34, 97). The sediments being interbedded continental elastics 
and shallow marine elastics are not the most favorable for oil 
accumulation. However, given the situation of potential oil 
traps and the high rewards for new oil one must anticipate 
exploration. 
2.5.2. Phosphate 
An enormous phosphate deposit has been discovered on both 
sides of he Pamlico River (Figure 2.3). Reserves are esti­
mated at 11 billion tons (55). The deposit is presently 
being strip-mined by Texas Gulf Sulphur Company. We have no 
information regarding the effect of tailings or water discharge. 
2.5.3. Sand and Gravel 
To some extent sand and gravel are mined from the coastal 
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Figure 2.3. Potential phosphorite deposits, Lee Creek district,· 
Beaufort County, North Carolina (After Rooney and 
Kerr, 1967, p. 732, ref. #55) 
33 
total value is about 32.3 million dollars in the states of 
Alabama, Georgia, South Carolina and North Carolina (120). 
The sand and gravel comes essentially from two sources, river 
and estuarine channels and open pits (Figure 2.4). The open 
pits for the most part are located near the Fall Line in the 
Eutaw and Tuscaloosa formations. Except for pit scars there 
seems to be no fundamental pollution involved. 
2.6. Data Gaps 
Most serious is 
effects of pollutants 
(swamps and marshes). 
be certain amounts of 
as waste products. A 
the lack of solid basic research on the 
into areas of shallow water table 
Should oil be discovered there will 
salt water, oily water and oil generated 
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Figure 2.4. Coastal plain sand and gravel deposits (After 





COASTAL PLAIN - SUBZONE II 
WINYAH BAY TO ST. JOHNS RIVER 
3.1. Brief Description 
This subsegment is characterized very graphically by 
the sea island coast of South Carolina, Georgia and northern 
Florida which structurally coincides with the Sea Islands 
Downwarp (Figures 3.1 and 3.2). 
3.2. Data Matrix (Table 3.1) 
Information relevant to oil and gas leasing is the same 
as for subzone I. The same may be said for general studies. 
There are specific works on phosphate (115) and limestone . 
(118) which give a good picture of the problems of mining in
poorly exposed unconsolidated deposits.
3.3. Physiography 
From Cape Romain to the St. Johns River the coast is a 
series of large islands separated from each other by sounds 
and from the mainland by a complex of marshes and creeks. 
The islands are formed of mainland remnants and beach ridges 
developed during falling sea level of the last glacial period 
(91). Today the whole region is being drowned by rising sea 
level attested to by formation of modern marshes, spits and 
bars. 
This topography of marsh and estuary forms an ecosystem 
highly productive of fish, shrimp, and shellfish, all of which 
are exploited commercially. At the same time the mild weather 
and lovely beaches are stimulating tourism. Under these 
conditions one expects a certain amount of land use competition 
between developers and those for whom the existence of marshes 
and clean estuaries is basic to their vocations (catching 
fish). If into this one adds a third industry related to 
mineral or oil exploitation there will be serious demands for 
priority use of the sounds, marshes, fresh water, and islands 
from developers, fishermen and the petrochemical industry. 
Intensive studies in Massachusetts of a small oil spill 
(137) showed toxicity persisting for over a year. Even though
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Figure 3.1. Sea Island coast of the Sea Islands 
Downwarp Section, Subzone II (From 
Zeigler, 1959, p. 223, ref. #91, 
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Table 3.1. Data Matrix - Coastal Plain; Subzone II · 
Most Stratig-
Important General Structure raohv 
34, 89, 34, 38, 1J9' 97, 38, 89, 
Oil and 97 89, 97, 132, 143 97 
Gas 106 , 131 
137 
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General 129, 120, 129, 132, 142, 142 







7, 46, 58, 89, 91 
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organisms were serious and persistent. Therefore, one must 
conclude that petrochemicals adjacent to marshes are potentially 
very dangerous to the life systems of marine organisms. 
Large rivers reach the coast: the Ashley, Cooper and 
Wando at Charleston; Combahee; Savannah; Altamaha; St. Marys; 
and St. Johns (Jacksonville) (Figure 1.4). 
Because Charleston, Savannah, and Jacksonville are major 
ports these rivers have received much attention regarding 
their channels, sediment transport, engineering works and 
effect on surrounding shelves. Meade (7) points out that 
when man deepens the channels he increases the intensity of 
estuarine circulation which in turn increases bottom velocities 
up-channel. The result is trapping of river-borne sediment 
in the estuary which gives rise to increased dredging for 
maintenance. Meade also believes that most river sediment 
is trapped in marshes and estuaries, never reaching the shelf. 
This extensive use of broad estuaries, deep rivers,·and 
abundant fresh water will undoubtedly enter into the thinking 
of those who wish to exploit mineral resources on the coastal 
plain or continental shelf. Although much is known there are 
serious data gaps in this aspect of exploitative technology. 
We need to know more about estuarine circulation and its 
effects on siltation and flushing. We need better dredge 
spoil disposal policy; and above all we need to conduct basic 
research on the long-term effects of industrial loading on 
estuaries, particularly petrochemical complexes. 
Other physiographical features such as the Carolina Bays 
(89), and terraces (58) are in themselves worthy of study; 
however, they do not impact on the problem at hand and there­
fore are not included in this report. 
3.4. Structure 
The subzone is characterized in a broad sense as being 
within the Sea Islands Downwarp. Maher (97) describes this 
after Pressler (131) and Toulmin (136) as a tectonically 
passive embayment between the Cape Fear Arch and the Penin­
sular Arch of Florida (Figures 3.2 and 3.3). Woollard et al. 
(132) discovered a basement ridge extending into the embayment
near Parris Island, South Carolina.
Although the regional structure is gentle, one must 
expect that structures such as the basement ridge will attract 
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Stratigraphic section of the coastal plain of Georgia and 
the continental shelf (After Spivak and Shelburne, 1971, 
p. 1300, ref. #34, with permission of The American






3.5. Exploitable Resources 
3.5.1. Oil and Gas 
The story here is much the same as for the emerged 
coastal plain to both the north and south. There has been 
substantial structural and stratigraphic investigation, at 
least enough to define the stratigraphy, the makeup of the 
rocks, and their broad structural relationships. No oil nor 
gas has been discovered. 
3.5.2. Phosphate 
Phosphate is not now being mined in South Carolina, 
however, it had been mined from 1867 to 1938. Peak yearly 
production of about 541,645 tons was reached in 1889 (115). 
The phosphate occurs as granules and nodules in a Pleistocene 
marl (Ladson member). It also occurs along the edges of some 
rivers where apparently it has been reconcentrated (Figure 3.4). 
If for some reason phosphate is again mined the technique 
will have to be strip mining to reach the phosphatic layer. 
Attendant with the strip mining would be washing and concen­
tration requiring substantial water and settling basins for 
the removed tailings. At such time the best approach is to 
examine each site on its own merits. 
3.5.3. Sand and Gravel 
Sand is used extensively for making concrete and is 
taken from many pits (Figure 2.4). Gravel is scarce. 
3.5.4. Heavy Minerals 
Neiheisel (114) reports less than 2 percent heavy mineral 
occurrence ·n the average sands on Pleistocene terraces of 
Georgia, although sands on Jekyll Island average 6 percent. 
In South Carolina there are heavy mineral sands on Hilton Head 
Island which are potentially exploitable. 
Heavy mineral sands of highest concentration occur mostly 
on active beaches where they are thought to be lag deposits 
and/or deposits related to storms. 
Although the minerals could be concentrated the cost for 
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1959, p. 40, ref. #115) 
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3.6. Data Gaps 
Long-term studies of oil spills in marshes and estuaries 




COASTAL PLAIN - SUBZONE III 
ST. JOHNS RIVER TO CAPE C�NAVERAL 
4.1. Brief Description 
This relatively short subsegment consists of a sandy 
plain between the St. Johns River on the west and the sea on 
the east (Figure 4.1). Permeable sands overlie an aquifer, 
a situation which generates numerous springs most of which 
empty into the St. Johns River. A belt of marsh or rivers 
parallels the coast separating the mainland from the sandy 
shoreface. 
The sandy veneer covers a thick section of rocks which 
contain much more limestone than to the north. Structurally 
J the ,whole Florida peninsula is dominated by the Peninsular or 
Ocala Arch (Figure 3.2). Sediments overlap the basement and 
are faulted or distorted due to tectonism related to the 
arch (61). 
4.2. Data Matrix (Table 4.1)
Substantial information regarding structural geology and 
groundwater is available. Being in a carbonate province and 
close to producing oil fields in south Florida, the area has 
received much attention. On the other hand there is not much 
information available in general geology and one must rely 
heavily on reports from areas outside the study boundaries. 
4.3. Physiography 
Cape Canaveral and the St. Johns River are the most 
outstanding features in this subsegment. An excellent summary 
of landforms was given by Puri and Vernon (138), and the 
history of drainage changes of the St. Johns River by Pirkle 
(61). Groundwater contamination is the most serious aspect 
of the physiography insofar as the petrochemical industry is 
concerned. The aquifers, being carbonate overlain by permeable 
sands, are likely to be cavernous and interconnected. Contam­
ination could conceivably spread long distances from a single 
source. The same concern must be held for potential contamina­
tion of the narrow sounds and rivers between the coastline and 
the mainland. Tourism is a major industry in Florida and con­
tamination of lakes, beaches, or sounds would be economic 
disaster. 
45 
Figure 4.1. Landforms in the region of 
the St. Johns River. {From 
Pirkle, 1971, p. 41, ref. 
#61, reprinted with per­




Table 4.1. Data Matrix - Coastal Plain: Subzone III 
Most Stratig-
Important General Structure raphy Sediments Topography 
89, 97 33, 131 89, 97, 38, 89, 












61, 110, 65, 67, 61 
Ground- 153 68, 108, 
water 110, 153 
. 
61, 89, 65, 89, 89, 97, 89, 97 7, 46, 58, 61, 
General 97, 133, 133, 138, 132, 142 138, 139, 121 133, 138, 
Geology 138 139, 150 142 150, 155, 
156 
4.4. Structure 
This subsegment lies on the eastern side of the Peninsular 
Arch the axis of which runs down central Florida (Figures 3.2 
and 4.2). Although published information is meager there is 
evidence of faulting on the eastern flank (61). One must assume 
that future studies will reveal other faults and folds in the 
zone of onlap. 
Since the stratigraphic section is carbonate and since 
there are small producing fields in southern Florida, one would 
predict future oil exploration will take place along the 
Florida coast. 
4.5. Exploitable Resources 
4�5.1. Oil and Gas 
Rainwater (33) analyzed the future petroleum potent1al 
of Florida and included an excellent bibliography. Although 
the most promising areas are the South Florida Basin and Gulf 
of Mexico continental shelf, he believes the sandstones of 
northern Florida and adjacent continental shelves could con­
tain 100 million barrels of oil and 0.5 trillion cubic feet 
of gas. This is speculative in that the estimate is based 
solely upon rock type and its potential as a source rock. 
Nevertheless, one must assume that oil exploration and drilling 
will take place on the coastal plain of northeastern Florida, 
but the intensity of search is likely to be mild compared to 
the Gulf Coast and to south Florida. 
4.5.2. Phosphate 
No phosphate is mined in this subsegment but it has been 
a major exploitable resource in central and western Florida 
(105). Prospects are not good for phosphate, however, 
descriptions of the deposits form a valuable literature source 
for the near surface deposits. 
4.5.3. Sand and Gravel 
There are a series of coquina pits along the coast from 
which shell hash and solid coquina rock have been extracted 
since the days of colonial Spain (139). Local sand deposits 
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North-south schematic section through southern Georgia and peninsular 
Florida (From Rainwater, 1971, p. 1313, ref. #33, reprinted with 
permission of The American Association of Petroleum Geologists) 
4.5.4. Heavy Minerals 
Heavy minerals are being mined at Trail Ridge in north­
eastern Florida (127). The ore body is a sand deposit which 
is pumped into the somewhat complicated mineral separation 
system. Basically the operation takes place in a man-made 
enclosed lake which is extended as the operation advances and 
backfilled with tailings at the same time. This is the only 
heavy mineral mining operation on the Atlantic coastal plain. 
An estimated 300 tons of titanium minerals, and 120 tons of 
staurolite are recovered daily. A second plant with a monthly 
capacity of 2,500 short tons per month recovers zircon. 
4.6. Data Gaps 
General geological studies of all kinds will be benefi­
cial. Ground water studies will become increasingly important 
factors in managerial decisions. 
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CHAPTER 5 
CONTINENTAL SHELF - SUBZONE I 
CAPE HATTERAS TO WINYAH BAY 
5.1. Brief Description 
The continental shelf of subsegment I (Figure 1.1) is 
the most complex of the subsegments within the study area 
between Cape Hatteras and Cape Canaveral. The coastline with 
the three famous capes and scallops between them readily 
identifies the subsegment (Figure 5.1). 
5.2. Data Matrix (Table 5.1) 
There is a substantial body of writing about the con­
tinental shelf, perhaps more so than for the emerged portion 
of the coastal plain. On the other hand, the geology of the 
shelf is covered by water. This simple fact means that for 
the most part geological examination is via some remote 
sensing system and at times more than one interpretation of 
the signal is possible. 
5.3. Physiography 
The continental shelf is defined in this report as that 
portion of the coastal plain between mean low water and a 
depth of 200 meters (660 ft). Within this area there are 
geological features of direct interest to oil and gas leasing. 
Between Cape Hatteras and Cape Lookout the continental 
shelf is bordered by what appe rs to be a true continental 
slope. This is the relatively steep slope which is generally 
accepted as defining the edge of the continental block between 
continent and ocean basin. 
The broad zone of the slop is thought to be a locus of 
a thick section of sedimen ary ocks and consequently will 
one day be an area of exploration for oil and gas (89). The 
slope is outside the boundaries of this study but it is impor­
tant to note that it is present along the northern 80-100 km 
(50-60 mi) of the sh lf edge. 
South of the true continental slope the continental 
shelf ends agains another slope called by Uchupi (25) the 







Figure 5.1. Continental shelf, Subzone I (From Milliman et al., 1968, p. 247, 








Table 5.1. Data Matrix - Continental Shelf: Subzone I 
Most Stratig-
Important General Structure raphy 
34, 89, 34, 35, 69, 89, 88, 89, 
Oil and 97 41, 89, 97, 144 97 
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36, 42, 25, 2 9, 30, 
47, 90, 31, 36, 37, 
104, 116, 43, 48 , 
117, 158 157, 160 
60 and 200 meters (200 and 660 ft) and separates the conti­
nental shelf from the Blake Plateau. Its origin is not 
clearly understood but the present thinking is that it might 
represent a scarp cut by the Gulf Stream (25). It does not 
appear to be related to a thick zone of sediment as does a 
true continental slope and it would not seem to be relevant 
to oil and gas leasing except as an identifiable geographical 
feature. 
Just seaward of the break in slope there is a complex of 
reefs and channels on a terrace (4, 43). The complex appar­
ently involves more than one origin, being bioherms in some 
places (43), such as in this subsegment I, and lithified 
dunes off Florida (4). The complex probably represents the 
shore zone or nearshore zone during lowered sea level 15,000 
to 19,000 years ago. The feature is not relevant to oil and 
gas leasing. 
Of more direct physiographical interest to oil and gas 
leasing and other exploitables such as sand or gravel are 
the extensive shoals which extend in front of Capes Hatteras, 
Lookout and Fear (Diamond Shoals, Cape Lookout Shoals and 
Frying Pan Shoals, respectively) [USC&GS Chart 1110 (Table 
1.3)]. These shoals apparently are the reworked bedforms 
of sandy deltas built onto the continental shelf during 
lower stands of the sea (29, 30, 31). The shoals are areas 
of unstable bottom for pipelines. Furthermore, they are places 
where the sea is very rough during storms and the current 
patterns are difficult to determine. All in all they represent 
areas where structures and the maintenance of structures will 
require great care in design and planning. 
5.4. Sedimentation 
The shelf in general appears to be divided into two 
distinct sediment facies, a band of nearshore Holocene sands 
which extends no more than 20 km (12 mi) offshore (90, 104); 
seaward of this the shelf is covered by relict fine grained 
sands some of which are iron stained as if they had once been 
part of a soil zone. There are only a few small rivers 
emptying into Onslow Bay and sediment cover is apparently 
thin (45); two large rivers can be said to empty into Raleigh 
Bay {Pamlico and Neuse) but their sediment load must cross 
Pamlico Sound before reaching the sea; whereas Long Bay is 
reached by the Cape Fear River, Pee Dee River and Santee River. 
An indication of the importance of riverine derived sediment 
can be found in the percent of calcium carbonate in shelf 
sediments. Milliman et al. (26) point out that river-derived 







15 percent more carbonate than Raleigh or Long Bays because of 
this. In addition to this disparity for obtaining river-derived 
sediment,the shelf is divided into compartments by the offshore 
shoals off the capes and it is believed that very little exchange 
of sediment takes place between bays. 
The importance of this sediment distribution is that there 
might not be enough sediment cover in Onslow Bay to bury pipe­
lines and therefore a careful examination of proposed routes 
would be needed to answer the questions involving pipeline 
stability. 
5.5. Structure 
The Cape Fear Arch, discussed in Chapter 2, is the dom­
inant structure in this subsegment (Figure 5.2). It extends 
from the exposed coastal plain across the continental shelf. 
There are several wells in this subsegment from which 
thorough evaluation of rocks can be obtained. The most famous 
of these is Hatteras Light No. 1, drilled by the Standard Oil 
Company of New Jersey. This well is only 25-30 km (15-20 mi) 
from the edge of the continental shelf and it penetrated the 
entire sediment cover and entered underlying granitic basement 
rocks. The complete log may be found in Plate 2 from Maher 
(97). Three additional wells along the coast (Figure 5.2) 
were drilled to basement. The accoustical properties of the 
rock section shown in Figure 5.2 were obtained from the work 
of Hersey et al. (69). From these wells and others plus out­
crops on the surface one gets the picture of the rather typical 
Atlantic Coastal Plain sediment wedge thickening seaward 
with units pinching out updip. For the most part the rocks 
are interbedded limestones and elastics but there is enough 
shale to serve as a cap. As such, therefore, the sediments 
are potential reser oirs. 
Structurally the Cape Fear Arch which crosses the entire 
shelf in this subsegment must be considered a major feature 
for potential oil entrapment (Figure 5.2). Beds from both 
north and south pinch out on its flanks, although the tec­
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Figure 5.2. Diagrammatic sections from Jacksonville, Florida, to 
Cape Hatteras, North Carolina, showing relationship 
of seismic horizons offshore to subsurface geology 




5.6. Exploitable Resources 
5.6.1. Oil and Gas 
The two most complete definitive reports on petroleum and 
gas in this subsegment are those of Maher (97) and Spivak and 
Shelburne (34). Maher, p. 3, concludes in general that: 
"The continental shelf offers more promise as a 
potential petroleum province than the Atlantic 
Coastal Plain because it has a thicker sedimentary 
column with better source beds and trapping.possi­
bilities. The probabilities for discovery of large 
accumulations of petroleum in the Atlantic coastal 
region on a well-for-well basis seem to favor the 
Upper Jurassic and Lower Cretaceous rocks beneath 
the Continental Shelf." 
Spivak and Shelburne (34), p. 129�, narrow the speculation 
even farther: 
"Although no fields have been found to date in the 
United States part of the Atlantic Coast north of 
Florida, large speculative reserves of oil and gas 
are believed to be present beneath the coastal 
plain, continental shelf, and continental slope. 
Speculative recoveries estimated from volume of 
sedimentary rocks are 13 billion bbl of petroleum 
and natural gas liquids and 74 trillion cu ft of 
gas. Ninety percent of these predicted reserves 
is offshore, and most accumulations are expected 
to be found north of Cape Fear." 
In short, neither of these sources would hold great promise 
for finding oil in subzone I. 
Basically the reasoning behind their somewhat negative 
attitude is a combination of circumstances (109). 
1. No oil or gas shows had been discovered in the whole
Atlantic Province except for minor fields in south
Florid . However, s·nce publication a new discovery
has been made on Sable Island off the Canadian coast.
2. The total amount of sediment is small and evidence
of rapid burial is lacking.
3. Traps due to tectonic activity do not seem to be
prominent.
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4. The monoclinal structure of the shelf is greatly
different from other seaboard oil producing areas
such as California or the Gulf Coast.
On the other hand there is a favorable mix of potential 
reservoir and source beds and because of the updip thinning 
of strata the potential for stratigraphic traps is high. Oil, 
however, is where you find it and although discovery to date 
is meager, one cannot know what new information from the con­
tinental shelves, slopes and Blake Plateau will produce. 
The elements one would normally assess in oil exploration 
are: proper source, reservoir rocks, and trapping potential. 
One must conclude, therefore, that with all the elements 
for potential petroleum deposits present, additional drilling 
and exploration will take place. Given the newer forms of 
electric discharge (sparker) seismographs the problems of 
fish kills relative to years past when explosives were the 
only form of input are likely to be less. The most serious 
problems will arise during production and transportation of 
petroleum. If pipelines are used, then these lines must be 
placed in such a way that they are least vulnerable to damage. 
In shallower waters they are customarily buried and in this 
way are protected. Burial per se does not seem to be a problem 
in Raleigh Bay or Long Bay; however, Onslow Bay apparently is 
rock floored for the most part. This conceivably could pose 
a problem for pipelines (35, 45). 
In places where there is a sand cover the pipelines must 
be placed beneath migrating bedforms if such exist and beneath 
the in transit sediment layer. Both of these topics are 
distinct data gaps and research should be initiated to clarify 
the problem. Excellent work on submarine dune movement in 
river mouths or mouths of estuaries has been done (157), but 
movement, if any, of offshore parallel ridges is speculative 
and needs to be verified (158, 159, 160). 
Duane et al. (36) report no shoals near the coast except 
off the capes (Figure 5.3). Uchupi (25) defines lineations on 
the outer shelf, particularly in Long Bay (Figure 5.4). There 
are extensive shoals off all the capes whose complexity is 
' recognized, if only partially understood (36, 37). In any 
event, pipeline routes which propose to cross areas of shoals 
should be evaluated very carefully. 
The inboard terminus of a pipeline usually means a 
petrochemical complex of some kind. Pollutants associated with 
such a complex would be a disaster for Pamlico Sound, where 














m INLET ASSOCIATED 
D CAPE ASSOCIATED 
� DEVOID AREAS 
Nautical Miles 
@!!!C-=:J!!'!�:2!!9-= 















DISTRIBUTION OF SHOAL TYPES 




Figure 5.3. Distribution of major shoal types on the United 
States Atlantic coast from Sandy Hook, New Jersey, 
to Palm Beach, Florida (From Duane et al., 1972, 
p. 456, ref. 36, reprinted with permission from
SHELF SEDIMENT TRASPORT: Process and Pattern,
edited by D. J. P. Swift, D. B. Duane and O. H.
Pilkey. Copyright (c) 1973 by Dowden, Hutchinson 
& Ross, Inc., Publishers, Stroudsburg, PA) 
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Figure 5.4. Sand swells atop the continental shelf from New York to Cape 
Kennedy. Based on soundings from U.S. Coast and Geodetic Survey. 
Curved lines indicate crests of sand swells; dashed line� indicate 




One therefore might expect greatest pressure for a pipeline 
terminus on the mainland between Wilmington and Georgetown. 
5.6.2. Sand and Gravel 
These deposits are likely to be the most valuable 
deposits in this subsegment. With the exception of Onslow 
Bay the shelf has extensive sand deposits (70). The sands 
are found in vast.deposits off the capes, as a band parallel 
to the coast and in ridges on the shelf (25). It is possible 
that broken shell could be in enough abundance to produce 
shell gravel. The.Army Corps of Engineers instituted a sand 
inventory for the.entire continental shelf in 1962 and the 
reports.of their drilling and seismic program are now becom­
ing available. 
Presumably these sands would be mined hydraulically and 
in the process a cloud of silt and fine sand put into suspen­
sion. Effects of this turbidity on the surroundings are highly 
site specific and must be evaluated on a case-by-case basis. 
The amount of silt, fine sand, local current and benthic 
populations all are factors in this evaluation. 
5.6.3. Phosphate 
A sizable deposit of phosphatic sand has been discovered 
east of Frying Pan Shoals (45). The deposit is about 16 km 
(10 mi) long and 5-6 km (3-4 mi) wide where concentration is 
greatest (Figure 5.5). The deposit was apparently derived 
from the weathering of a slightly phosphatic limestone which 
forms the sea bed over much of Onslow Bay. The thickness of 
the deposit and its total volume are unknown, but one would 
predict that this deficiency will one day be corrected. If 
it is ever mined, presumably the technique used would be 
hydraulic dredge. At such time it would be mandatory to 
analyze the extent of fallout of fines stirred up or winnowed 
out duri�g the mining operation. One would expect that some 
form of concentration would be part of the seaboard operation 
where water is plentiful and where phosphate-free tailings 
would be returned to the sea. Conceivably the tailings could 
be salvaged for construction sand. 
5.7. Data Gaps 
Sea floor bottom stability is a general area of uncertainty. 































Figure 5.5. The abundance distribution of phosphorite grains in North Carolina 
shelf sediment (From Pilkey and Luternauer, 1967, p. 42, ref. 145, 
reprinted with permission of So utheastern Geology) 
CHAPTER 6 
CONTINENTAL SHELF - SUBZONE II 
WI YAH BAY TO ST. JOHNS RIVER 
6.1. Brief Description 
The landward margin of this subzone is characterized by 
the Sea Island Coast (Figure 3.1). Offshore the shelf is an 
almost featureless sediment covered plain 110-130 km (70-80 
mi) wide, which ends at the previously described Florida­
Hatteras Slope (25).
6.2. Data Matrix (Table 6.1) 
Material most pertinent to oil and gas leasing is 
published principally in the heretofore mentioned general· 
works covering the whole region (25, 69, 89, 97, 104, etc.). 
This is to be expected when one considers the enormous time 
effort and cost to take observations at sea. Hersey et al. 
(69) was a massive effort not readily duplicated by research
scientists. Much the same may be said for sediments (104),
for physiography (25), or oil nd gas potential (34, 97).
Local studies for the most part are informative but not
crucial to the p oblem.
6.3. Physiography 
Except for the discontinuous line of reefs and reef-like 
complexes along the shelf break (4, 43, 59) there are no 
physiographic studies which reveal very much. Pilkey and 
Giles (56) conducted a bathymetric study of the shelf and 
reported a monotonous plain. A slight bending of contours 
off the Altamaha River could conceivably reflect a relict 
buried ch nnel, or for that matter, the slight seaward bulge 
of the same contours to the north might reflect a gentle 
delta formed during lowered sea level. In short, the known 
physiography in this subsegment is unimportant in oil and 
gas leasing except for the aforementioned sounds and sea 
islands. 
6.4. Sedimentation 
The most outstanding characteristic of the shelf sedi­
ments in general for the whole shelf is the fact that for 
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Table 6.1. Data Matrix - Continental Shelf: Subzone II 
Most Strat1.g-
Important General Structure raphy 
Oil and 34, 89, 34, 35, 69, 89, 89, 97, 











4, 25, 4 , 7, 8, 5, 10, 106 
General 89, 97, 11, 17, 52, 69, 
Geology 104, 136, 43, 70, 144 





6, 7, 54, 4, 25, 43, 
59, 90, 56, 100, 
98, 101, 145 
104 
the most part they are relict deposits {90, 104). This 
relationship is very true for this subsector. Much recent 
sediment is apparently trapped in the marshes and rivers 
(7) and the remainder forms a narrow band from the coast out
to depths of about six fathoms (90).
A summary of shelf sediments given by Henry and Hoyt 
{59), p. 195, describes the distribution very well. 
"Holocene paralic deposits form a lens 20-30 miles 
wide that straddle the shoreline. A maximum 
sediment thickness of more than 100 feet occurs 
along the shoreline and is associated with inlet 
processes. The recent deposits of fine to very 
fine-grained sand thin to a featheredge 10 to 15 
miles seaward in 40 to 50 feet of water. Farther 
seaward the shelf is covered by coarse-grained, 
relict Pleistocene sediments. Landward of the 
shoreline the sediments are fine-grained barrier 
sand, and mixed sand, silt and clay of the salt 
marsh-filled lagoons." 
The sedimentary province contains several highly interesting 
aspects involving interpretation of conditions during the 
Pleistocene, distribution of calcium carbonate and so on; 
however, in direct application to oil leasing the most impor­
tant considerations are that it would seem one could bury 
pipelines in most places and that the exact route of any 
pipeline where it comes close to sounds and sound associated 
shoals and channels will have to be examined with great care. 
In this sens there is a data gap which needs to be filled. 
Pilkey et al. {92, 98) studied phosphatic grains and 
iron stained grains of sand found in beaches. They concluded 
that there was net sediment transport from offshore. Their 
point of view must be regarded s a hypothesis but one which 
should be ex mined more. Clearly if sediment is transported 
onshore the possibility exists that oil spilled on the bottom 
from pipelines or structures or from whatever source might 
also end up on the beaches. Clear cut physics demonstrating 
onshore transport is not only lacking but there are studies 
which would predict the opposite (145). 
6.5. Structure 
Structurally the area is considered relatively passive. 
The southern limit of the Cape Fear Arch forms the north side 
of a structural basin called the Southeast Georgia Embayment 
(136) or sometimes the Savannah Basin (89), (Figure 5.2).
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Near the coastline the basin is filled with approximately 
1,530 m (5,000 ft) of sediments. Offshore the sediment wedge 
thickens, being approximately 2,750 m (9,000 ft) thick along 
the line of the seismic section presented by Hersey et al. 
(69), (Figure 6.1). 
6.6. Exploitable Resources 
6.6.1. Oil and Gas 
Unless new information reveals increased prospects the 
situation is very much like that of subzone I. Source rocks 
in the form of carbonates are present, structural traps seem 
possible, and stratigraphic traps even more possible. However, 
the same negative statements can be made as for subzone I; on 
the whole the zone does not look like the other highly pro­
ductive continental shelves of the Gulf of Mexico or California, 
the sediment cover is relatively thin, and so far no oil �as 
been discovered. 
Rouse (109) writes, p. 1293: 
"Conclusions 
From this brief geologic r�sum�, it is apparent 
that it is hard to find a seaboard or offshore 
producing area comparable to the Atlantic province. 
Part of this lack of resemblance may be due to lack 
of information, especially offshore. Nevertheless, 
we cannot recognize many of the features that are 
common to onshore and offshore oil and gas pro­
duction in areas such as the Gulf Coast or 
California." 
Careful studies (52), (Figure 6.1), have not revealed 
local structures but it must be remembered that spacing 
between seismic lines is generally much greater than the 
dimensions one would expect for local structure. The nearest 
thing to local structure is a possible ridge parallel to the 
coast (52). 
Given the information on hand one must assume that future 
geophysical prospecting will take place and in all probability 
discover local structure on the flanks of the Cape Fear Arch 
or along the edges of the depositional basin. 
Spivak and Shelburne (34) hypothesized on the amount of 
oil likely to be found by speculating that there would be a 
quantitative relationship between the volume of rock and 
quantity of hydrocarbon present. Given the complete lack 
of production thus far and the rudimentary state of knowledge, 
68 





A 8A 9A -098 1 7A 7B -o.- ,,,.o.:_]IOAAO---o---- --o--
8B 




_ 10B --- a' 
80° 
Location of refraction profiles 
31
0 
7A 78 BA BB 9A IOA A' Ti, -t==ii:::::==::::::::::=:::::::
B 
aA 3A 12A 10,l!I
B 
OTt��....: _t::, ��-=:: -�=-= ....... �=:============2 










Q & 10 11 • 
I I ,, I I I 









3 10 0 5 10 N. IIJ. 
I I t t I 
0 D 10 t• 10 IOI, 
Refraction cross 
section B-B' 




this seems as good an index as any. The potential for South 
Carolina and Georgia was low, being 15 million barrels of 
oil per cubic mile of rock, giving a total of 290 million 
barrels of oil and 1.9 trillion cubic feet of gas. Although 
the above exercise is without verification it is evidence of 
present day feeling toward petroleum potential in this 
subsector. 
Presumably when oil companies seek leases they will have 
at their disposal considerably more structural information than 
is available in the open literature. 
6.6.2. Other Resources 
There are apparently no known exploitable deposits of 
clay, phosphate or sand and gravel in this subsector. 
6.7. Data Gaps 
General studies aimed at discovering sediment or water 
transport with respect to the sounds would be very useful 
if one were faced with a question of predicting the spread 





CONTINENTAL SHELF - SUBZONE III 
ST. JOHNS RIVER TO CAPE CANAVERAL 
7.1. Brief Description 
The continental shelf between the northern boundary of 
Florida and Cape Canaveral, the southern limit of this study, 
is a triangular shaped area approximately 130 km (80 mi) wide 
at Jacksonville and 50 km (30 mi) wide at Cape Canaveral. 
The shelf continues, narrowing to the south, until it is only 
3 km (2 mi) wide at West Palm Beach. It is bordered by the 
emerged land mass of Florida on the west, the flat Georgia 
continental shelf on the north and the Florida-Hatteras Slope 
on the east. The slope of the Florida shelf becomes steeper 
to the south, being 1:1750 at Jacksonville and 1:200 at West 
Palm Beach (25). As defined, it is the smallest subsector of 
continental shelf discussed in this report. 
7.2. Data Matrix (Table 7.1) 
Except for local information mostly related to Cape 
Canaveral itself, heretofore mentioned general works cover 
what is known about the Florida shelf (4, 17, 25, 47, 89, 90, 
97, 98, 104). Specifically local works of great use are 
(78, 133, 138, 147, 150, 153, 154, 155). Basically the pic­
ture insof r as oil leasing is concerned is not much different 
from that of the shelf to the north. Of greater import is 
the work of Field and Duane (147) which is extraordinarily 
thorough and very likely will be the work of general impor­
tance for sand shoals for the entire Atlantic continental 
shelf. The work is solidly descriptive of shoals off Cape 
Canaveral, it is based upon an enormous amount of data and 
has minimal speculation about sand movement in it. This work 
is the best treatment of shoals off capes ever written and can 
be used as a general reference for the other shoal-cape 
relationships along the Atl ntic Coast. 
7.3. Physiography 
Three physiographic features of interest found on this 
shelf are: 1) Cape Canaveral, 2) the bioherrn-lithified dune
ridges, and 3) artesian springs. 
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Table 7.1. Data Matrix - Continental Shelf: Subzone·rrr 
Most Strat1.g-
Important General Structure raphy 
89, 97 , 9, 33, 51, 89, 89, 97 










13, 148, 13, 153 
Ground- 153 
water 
4, 17, 8, 11, 5, 10, 22, 75, 
General 25, 75, 17, 25, 50, 51, 80, 138 
Geology 89, 97, 27, 43, 78, 80, 
104, 133, 75, 80, 147, 151, 
138, 14 7, 98, 133, 152 





122, l47, l4/ 
154 
148 
6, 47, .. , 25, 27, 
90, 98, 43, 133, 
104, 140, l<i 7, 150, 
l<i 5, 146, 155, 156 
147, 149, 
154 
Cape Canaveral is a complex of ancient dune ridges and 
offshore it is fronted by a complex of shoals (Figure 7.1), 
(147). The shoals appear to be relict sand deposits associated 
with the cape when sea level was lower. Rising sea level has 
submerged them and recent wave activity and currents have 
caused them to migrate and shift position. A most comprehen­
sive and valuable report on these shoals and their internal 
structure is that of Field and Duane (147). Based upon an 
extraordinary amount of shallow seismic profiling and coring 
under the Corps of Engineers Sand Inventory Program, Field and 
Duane (147) unravelled the shallow stratigraphic section con­
sisting of sand shoals resting on a truncated surface of 
earlier Pleistocene re-cemented sands. The relationship is 
important because it demonstrates that topographic highs are 
associated with shoals. There seems to be general acceptance 
that shoals off capes move and therefore the area is one 
which is bad for pipelines or other permanent structures. 
Whether or not the non-cape shoals and swales move, except 
those near inlets, is moot but should not be ignored. 
The zone of cemented calcite reef-like features which 
are present along the break in slope where the shelf descends 
to the Blake Plateau (27, 43) are not as well developed as 
those farther north (4) but very likely represent the same 
process, namely a zone of terraces cut during a lower stand 
of sea level. 
Artesian springs erupt near Crescent Beach, south of 
Daytona Beach (13, 148), and northeast of Cape Canaveral. The 
largest of these off Crescent Beach (148) is clearly visible 
on the sea surface. The springs tend to be in depressions 
but whether the depressions are karst features formed above 
sea level and then submerged or whether they were and are 
being cut below the sea is unknown. Apparently submarine 
discharge of artesian waters is widespread and one can find 
an excellent bibliography on the subject in anheim (13). The 
importance to oil drilling and leasing would appear to be 
minimal. 
7.4. Sedimentation 
For the most part the shelf is covered by coarse sand 
(104). Carbonate in the form of shell hash constit tes from 
20 to SO per cent of the total (104, 147); the remainder is 
quartzose. Th sands all contain considerable clays and silts. 
Like all of the shel s studied, this shelf is mostly composed 
of relict sands being reworked (90, 104, 149). 
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Figure 7.1. Morphological Subdivisions of the Cape Canaveral 
Inner Continental Shelf. Soundings are represen­
tative values from the National Ocean Survey 
(formerly U.S. Coast and Geodetic Survey) Chart 






The shelf area lies on the eastern side of the Peninsular 
Arch (Figure 3.2). General studies permit one to speculate 
that forces which acted on the Peninsular Arch and the Bahama 
Uplift to the south (50, 51, 131, 151, 152) would have enough 
regional effect to cause disturbance in the rocks close by. 
There is some evidence that faulting and minor folding has 
indeed deformed the rocks in the subsector being discussed 
(78, 133, 150}. 
The stratigraphic section is almost entirely limestone, 
an excellent reservoir, and only a hundred miles or so to the 
south are small producing oil fields. Given this stratigraphic 
and structural setting one would expect leasing and drilling 
some day. 
7.6. Exploitable Resources 
7.6.1. Oil and Gas 
No fields are known. The potential is that of an 
untested area (33, 89, 97). 
7.6.2. Sand and Gravel 
Extensive sand deposits have been surveyed off Cape 
Canaveral as part of the Corps of Engineers sand inventory 
(122, 147). These deposits probably will be exploited in the 
future for beach replenishm nt. When that time comes a care­
ful wave r fraction study should form part of the environ­
mental impact st tement as a guid to predicting shoreline 
changes which might be associated with removal of a shoal. 
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8.1. Brief Description 
CHAPTER 8 
BLAKE PLATEAU 
The Blake Plateau is a broad, flat feature about 127,700 
sq km (49,090 sq mi) in area (23) which lies off the south­
eastern coast of the United States, from 27° to 34°N and 76°
to 80°w (Figure 8.1). It is bounded on the west by the 
continental shelf and a slope, called the Florida-Hatteras 
Slope; on the south by the Bahama Banks and Straits of Florida; 
and on the east by the Blake Escarpment, Blake-Bahama Basin 
and Blake Outer Ridge, which make up the continental slope. 
Northward, toward Cape Hatteras, the plateau becomes shallower 
and merges into the conventional continental slope. The Blake 
Plateau therefore is a very large landform of a somewhat 
anomalous origin. 
8.2. Data Matrix (Table 8.1) 
The Blake Plateau has attracted great attention because 
of its unusual relationship to the continental block and its 
importance to understanding earth tectonics. The extensive 
seismic work of Ewing et al. (50), Hersey et al. (69), and 
others in the early days of marine seismic research laid the 
basis for most of the work which followed. The Blake Plateau 
is still an exotic landform and any work involving it always 
arouses interest. In spite of this high interest and great 
effort, one should keep in mind that given the vast expanse 
of the Blake, almost as large as the whole state of Florida, 
the total work done must be considered more of a beginning 
than a finished product. If and when the economics of world 
oil warrants exploration of the Blake, those who administer 
policy must recognize that their information, based on open 
literature, will be rudimentary compared with that generated 
by oil companies. 
8.3. Bathymetry 
Depths on the Blake Plateau range from about 600 m 
(1970 ft) in the north to 1200 m (3940 ft) in the southeastern 
corner, and average 850 m (2790 ft). The plateau forms an 
intermediate level between the continental shelf (west) and 
the deep ocean basin, the Hatteras Abyssal Plain (east), and 
separates the pelagic calcium carbonate province of the 
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Figure 8.1. Bathym try of the contin ntal margin between Cape -
Hatteras, orth Carolina an Cape Kennedy, Florid . Based on 
soundings from he U. S. Coa and Geodetic Survey hydrographic 
surveys, and from a chart by Pr tt and H ezen (1964, Fig. 1, ref. 
23). (From Uchupi, 1967, p. 157, ref. 11, reprinted with 
permission of Southe stern Geology) 
Table 8.1. Data Matrix - Blake Plateau 
Most 
Important General Structure 
so, 97 1, 18, 3_3, 50, 69 
Oil and 34, 39, 
Gas 41, 71 
16, 113, 1, 3, 21, 
Manganese 123 74, 113, 
123, 124 
16, 113, 3, 21, 74, 
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3, 16 
3, 16 
8, 10, 3, 6, 23, 25, 
22, 75, 47, 77, 53, 163 
80, 83 83, 104 
Bahama Banks (south) from the shelf and coastal plain quartz­
rich terrigenous province (north). 
The plateau can be divided into two physiographic 
sections. The nor hern part from Cape Hatteras to Lat. 30°N 
is really a transition zone between the typical continental 
margin and the plateau morphology; and the southern part, 
between 30°N and the northern edge of the Bahamas at 27°N 
is the main area of the plateau. This main portion is 275 km 
(170 mi) wide from east to west. In general it is monotonously 
smooth and featureless, sloping gradually from the broad, flat 
central area to the southeast. At the base of the Florida­
Hatteras Slope where depths are 550-730 m (1800-2400 ft) the 
gradient changes from the 1:40 of the slope to the 1:1000 of 
the plateau. The topography changes also from the smooth 
relief of the slope to a zone of roughness, 50-100 km (30-60 
mi) wide, lying directly under the axis of the Gulf Stream
.(11), which Ewing et al. (50) and Pratt and Heezen (23)
conclude has resulb d from erosion, rather than tectonics. 
Between 31° and 33 the rough zone extends across most of the 
width of the plat au. Coral grows in mounds and in banks 
along the lips of the elongate depressions in these areas. 
The Gulf Stream, also called the Florida Current in this 
region, has in places exposed Eocene and Paleocene strata. 
It influences th topography in other ways, by transporting 
sediment north ard, and by inhibiting the offshore transport 
of terrigenous sediment. There is photographic evidence 
of the action of bottom curr nts on the Blake Plateau (24). 
In some areas it sorts th for mini er 1 and pteropod ooze, 
in others it sweeps the bottom free of sediments down to the 
indurated ooze. uch work ne ds to be done on the study of 
current velocities and patterns on the plateau. 
The topographic irregularities on the plateau are 
shown by seismic profiles to extend beneath the shelf for many 
kilometers, indicating that the shelf has prograded eastward 
and continually fore d the Gulf Str am eastward also (10). 
This prograding has apparently contributed to the more 
rounded profile, nd the low r gradient of the eastern margin 
of the Blake Plateau north of Lat. 32°N, as compared to the 
steep Blake Escarpment (Figure 8.2). 
Along the 
0
as ern dge of the Blake Plateau, from the 
Blake Nose a 30 outhw rd to he Bahama Banks, ·s the 
Blake Escarpment which forms the major physiographic break 
bet een the continen al margin and the ocean floor. It is a 
precipitous slope, one of the steepest in the oceans, which 
drops in two or thre distinct egments from about 1100 m 
(3600 ft) at the top to 4760 (15,600 ft) at the base. At 
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Figure 8.2. Bottom profiles of the northern edge of the 
Blake Plateau. Vertical exaggeration x40. 
(From Uchupi, 1968, p. Cl9, ref. #25) 
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exceeds 1:2, so steep that much of the 
ordinary echo-sounding methods (103). 
escarpment frequently the Blake-Bahama 
point. 
bottom is undefined by 
At the foot of the 
Basin is at its deepest 
The Blake ose or Spur, a promontory jutting eastward 
from the Blake Escarpment at 30°N may be a slumped block or 
a depositional feature where sediment laden water meets quiet 
water. Pratt (53) describes the 65-krn (40-mi) long Eastward 
Canyon along the north side of the Blake Nose which he feels 
may have been eroded by the deep western boundary under­
current flowing southward along the Blake Escarpment, and that 
the same erosional processes shaped the Nose and caused the 
maximum depths of the Blake-Bahama Basin along the foot of 
the escarpment. 
The Blake Outer Ridge, running southeastward from the 
north end of the Blake Plateau, appears to be a steep-crested 
accumulation of sediments (23). In an early geophysical study 
Hersey et al. (69) concluded that the ridge may have once 
been a shallow reef or land area such as an island chain 
which was downwarped and faulted, then covered with sediments. 
Ewing et al. (SO) hypothesize that the Outer Ridge was formed 
by the Gulf Stream, which, diverted and restricted by the 
extension of the Cape Fear Arch, eroded the plateau, trans­
ported the eroded and suspended sediment and deposited it off 
the plate u where it met the southerly flowing bottom currents. 
This could have occurred particularly during glacial periods 
when sea level was 100-200 m (330-660 ft) lower than now, 
since present day currents are not strong enough to erode 
some of the troughs on th plateau. 
8.4. Sediments 
The Blake Pl teau forms the northern continuation of the 
Bahama Bank carbonate province. C rbonate sediments on the 
plateau are predominantly globigerin and pteropod ooze with 
local accumulations of the remains of deepwater corals and 
other organisms. 
ang n s nd phosphate nodules, slabs and pavement 
will be discussed in a later section. 
8.5. Geologic History 
Seismic data, logs of wells from the Bahamas and deep sea 
drilling, nd s diment cores substantiate the history of the 
Florida-Blake P ateau-Baham Banks region as one of upbuilding 
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on top of a gently subsiding pre-Jurassic basement with con­
siderable relief (Figure 8.3). It is generally agreed that 
shallow-water carbonates accumulated behind a reef along the 
eastern margin until the late Mesozoic. This reef died by 
the Tertiary when carbonate accretion on the Blake Plateau no 
longer kept up with the subsidence and deep water carbonate 
oozes were deposited. Florida and the Bahama Banks, however, 
continued to build and have maintained their elevation near 
sea level. Since the Miocene not much deposition has occurred 
on the plateau, probably as a result of constant Gulf Stream 
scour. 
8.6. Structure 
The predominant structural feature of the Blake Plateau 
is the Blake Plateau Trough (Figure 3.2). As determined by 
seismic data and gravity and magnetic anomalies, it is a broad, 
north-south trending depression in the pre-Jurassic crystalline 
basement rocks about 240 km (150 mi) east of the northern 
Florida coast (51). The trough, which runs northward from 
the Bahama Uplift is more than 6100 m (20,000 ft) deep and 
within the 6100-m (20,000-ft) contour it is 130 km (80 mi) 
wide and at least 350 km (220 mi) long, its northern limit 
being unknown (97). On the west it rises gradually to the 
Southeast Georgia Embayment and on the east it is closed by 
a ridge parallel to the Blake Escarpment. It is'generally 
agreed that the ridge beneath the escarpment is a former algal­
coral barrier reef which flourished during the Early Cretaceous 
(9, 11, 27, 50). The Blake Plateau Trough and ridge are very 
similar to other north-south trending, sediment-filled troughs 
beneath the continental margin north of Cape Hatteras. 
Another structural feature is the extension of the Cape 
Fear Arch. Many writers feel that it continues to trend 
normal to the coastline beneath the Blake Plateau. Ewing et 
al. (50), however, suggest that it trends north-south and 
they show two other arches in the southern part of the plateau. 
In the extreme southern portion of the study area the 
Peninsular Arch extends southeast from Cape Canaveral under 
the western end of the Little Bahama Bank. At least until the 
Early Cretaceous it separated the Blake Plateau basin from the 
Southern Florida-Andros Island basin (51). 
Seismic profiles reveal an unconformity between the shelf 
and plateau, indicating that the shelf has been and is pro­
grading onto the plateau. Between Capes Fear and Lookout the 
shelf has prograded entirely across the Blake Plateau to the 
slope (10). The age of the unconformity is successively 
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Figure 8.3. Structural cross-section across Blake Plateau (After Uchupi, 1970, 
p. I40, ref. #5)
Large-scale faulting does not appear to have occurred on 
the Blake Plateau. Seismic data and drill cores show that 
most discontinuities are due to facies changes and reefs. 
Stratigraphic displacement has not been demonstrated, even 
at the Blake Escarpment. Earthquake epicenters are scarce, 
and the history of the whole Atlantic Coast since the cretaceous 
has been one of slow subsidence without volcanism or major 
faulting (77). 
8.7. Stratigraphy 
Drill cores from the shelf and plateau (22) , well logs 
from Florida and Andros Island (97), and geophysical data 
(51, 69) show that the Blake Plateau and Bahama Banks are made 
up of a very thick sequence, greater than 9,140 m (30,000 ft) 
on the Blake Plateau (34), of Miocene to Cretaceous calcium 
carbonate deposits and Recent calcareous sediments, although 
on the Blake Plateau there has been little deposition since 
the Miocene and in some places quite a bit of erosion by the 
Gulf Stream. This thick sedimentary section will place the 
Blake Plateau as a good prospecting area for oil if ever the 
technology and expense of deep sea drilling warrant it. 
Carbonate sediments of Tertiary, Cretaceous and perhaps 
even older age fill the Blake Plateau Trough to a combined 
thickness of more than 7 km (4 mi) . The Tertiary sediments 
form a shoreward-dipping wedge (50) about 1200 m (3940 ft) 
thick on the western side that thins eastward toward the Blake 
Escarpment where it is about 200-300 m (660-980 ft) thick. 
Ewing et al. (50) suggest that this seaward-thinning wedge was 
caused by more rapid subsidence of the west side of the plateau 
than the east, and distance from the Florida source of detrital 
carbonate sediments. 
In the northern transition zone sediments grade from 
calcareous (limestone) in the south to non-calcareous (sand­
stone and shale) in the north. In Late Cretaceous and Tertiary 
strata the carbonate/non-carbonate boundary lies progressively 
farther north in successively younger layers. Before the last 
part of the Mesozoic the entire plateau was the site of 
primary carbonate deposition. 
8.8. Exploitable Resources 
8.8.1. Oil and Gas 
According to Spivak and Shelburne (34) hydrocarbon 
potential can be assumed where "relatively large volumes of 
84 
) 
sediments were deposited in transitional and marine environ­
ments and are now buried at moderate depth," and these 
conditions are met by Eocene through Lower Cretaceous carbonate 
rocks on the Blake Plateau. 
More specifically, Hedburg (39) suggests that favorable 
conditions for oil may exist in a basin or trough with con­
tinuous subsidence and rapid accumulation of fine-grained 
sediments. Further favorable conditions, which also apply to 
the Blake Plateau, consist of a major land mass on one side 
and a barrier, of tectonic, volcanic or reef growth origin, 
on the other side, at least partly or intermittently separating 
the basin from the open se . He feels that the Blake Plateau 
is promising because it was a sediment catchment basin, the 
reefs may be reservoirs of oil, and they may have formed 
margins of evaporite basins which would provide sealing rocks. 
Maher (97) concludes that the greatest petroleum potential 
in the Atlantic coastal reg'on is in the Lower Cretaceous and 
Upper Jurassic rocks beneath the continental margin. Beneath 
the Blake Plateau the thickness of these strata probably 
exceeds 1520 m (5000 ft). 
8.8.2. Manganese and Phosphate Deposits 
The most promising manganese and phosphate deposits on 
the Blake Plateau are restricted to the area in Figure 8.4 
(about 30° to 33°N and 77° to 00°w). It is an area influenced 
by bottom currents of the Gulf Stream. In places the bottom 
is swept free of sediment with indurated carbonate ooze 
exposed; in other pl c s  th re are accumulations of light­
colored calcareous s nd, sometimes in dune-like formations 
and often showing ripple marks; ther re expanses of rela­
tively smooth bottom; and th re are other areas of presumable 
scour depressions and chann ls often with coral banks. 
anganese deposits occur s pavement, slabs or nodules. 
An area, about 5000 sq km (1920 sq mi), of nearly continuous 
pavement occurs in depths of 400-800 m (1310-2620 ft) where 
there is not much ediment (16). Whether the pavement was 
formed on th smooth bottom or causes it by resistance to 
scouring is not known. Samples of the pavement average 6-8 cm 
(2-3 in) in thickness (16). Often the pavement is cracked and 
in some places broken into slabs. Brundage (113) attributes 
the cracking to either the condition of the underlying relict 
bottom, or, more like y, th rmal changes, caused perhaps by 
lateral shifts of the Gulf Stream. Undercutting by current 
scouring often occurs which br aks the pavement into slabs. 
These can be transported by the current, although heavier 










Figure 8.4. Distribution of the most favorable area for 
manganese nodules, Blake Plateau (After Emery, 
1966, p. 31, ref. #18) 
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The black manganese pavement is often interbedded with 
layers of brown phosphate, or phosphate nodules are found 
embedded in or projecting from the pavement. The geochemistry 
of the relationship between manganese and phosphate deposits 
is not fully known, but the manganese frequently appears to 
replace the phosphate and to form around a phosphate nucleus. 
Toward the south and east where the bottom becomes more 
irregular the pavement grades into slabs and nodules. Some­
times slabs are rounded by current action until they appear 
like nodules, and some nodules form around nuclei of small 
pieces of pavement or other nodules. 
Phosphate nodules occur to the north and west of the 
manganese pavement area, and on the continental slope. The 
phosphate deposits appear to be derived from near-surface 
middle Tertiary phosphatic outcrops. Some may be lag deposits, 
others, reworked and cemented phosphatic gravels (104). 
Although the phosphate nodules contain a high percentage of 
phosphate (nearly 30%) which compares favorably to onshore 
resources, there are adequate onshore resources for expected 
demand (1). 
The process of manganese and phosphate nodule formation 
is not completely understood, but it is generally agreed that 
the Gulf Stream plays a major role in creating a suitable 
environment on the Blake Plateau. The bottom currents keep 
the bottom relatively free of sediment, at least fine-grained 
detritus, and they provide a continuous supply of sea water. 
The slow accretion of the oxides is thus permitted in a rela­
tively shallow, nearshore environment. 
Manheim (123) feels the manganese deposits first began 
forming in the middle Tertiary at the time the Gulf Stream 
was established. 
Total manganese deposits on the Blake Plateau, inc�uding 
those which are partly phosphatic, may be about 1.5 x 10 tons 
(123). The manganese nodules contain trace elements, Cobalt, 
Nickel and Copper, which may be more valuable than the 
manganese. The breakdown o samples by the Bureau of Mines 
Metallurgy Research Center, Salt Lake City, was 16.7% Mn, 
1% P, 0.6% Ni, 0.3% Co and 0.1% Cu (1), and by the joint 
Continental Margin Prog�am of the U.S.G.S. and W.H.O.I. 
15% Mn, 11 Fe, 0.4% Ni, 0.3% Co, 0.1% Cu, and 0.03% Mo (123). 
These values compare favorably with U.S. terrestrial resources 
but not with impor e ones and are thus below an economically 
attractive level for ocean mining. The Blake Plateau deposits 
are favorably situated, however, for possible future mining, 







relatively shallow water, sediment free bottom, and nearness to 
industrial ports. 
Deepsea Ventures, Inc. financed a series of tests which 
apparently proved that no harmful effects would occur from 
the mining operation. Laboratory tests predicted that high 
nutrient levels associated with discharge of enriched deeper 
water would cause no detrimental effects because the total 
mining operation effluent would be less than 0.3 per cent 
of the surface volume--too low to support harmful phytoplankton 
growth (124). 
The writers take the point of view that environmental 
effects of deep sea mining are virtually unknown and constitute 
a major data gap that can be filled only by research funded 
from outside the industry which will benefit from mining. 
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ABSTRACTS AND SUMMARIES 
The following abstracts and summaries are provided in 
order that the user might obtain additional information from the 
source materials quoted. For many articles, only the part per­
taining to oil and gas leasing was stressed; for others, the 
general nature of the topic was utilized. In every case a whole 
abstract or summary can be helpful and the point of view of its 
author preserved. 
1. Economic Associates, Inc. 1968. The economic potential of
the mineral and botanical resources of the U. S. continental
shelf and slope. Clearinghouse for Federal Scientific and
Technical Information, Springfield, Virginia. 520 pp.
This study is one of a series of background reports con-
tracted by the Marine Sciences Council to assist it in achieving 
certain basic objectives defined by Congress in the Marine Re­
sources and Engineering Development Act of 1966 1 • Within its 
prescribed limitations, the study aims to provide an initial 
survey of the mineral and botanical resources of the continental 
margins, along with a preliminary appraisal of their· potential 
values (economic, strategic, or other) and the state of their 
development--the whole designed to furnish something of an 
analytical basis for evaluating Federal policies and programs at 
this point in time. 
The geographical scope of this study is the Shelf and Slope 
of the Continental United States (including Alaska), plus that 
of Hawaii, Puerto Rico, and the Virgin Islands. The term 
"Shelf" is defined roughly as that submerged offshore area, gen­
erally extending down to about 200 meters (or about 600 feet) of 
water depth, where gradients are mild. The term "Slope," for 
purposes of this study, includes only that part of the more 
steeply sloping area, adjacent to the Shelf, which extends down 
to depths of 1,000 meters (or some 3,000 feet). This definition 
1 The tern s "marine sciences" and " 1ar ine Sciences Council"
are used throughout this report as customary abbreviations for 
the research, engineering, and technological development activi­
ties contemplated by the Act, and for the name of the National 
Council on Marine Sciences and Engineering Development. 
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of scope includes most of the Blake Plateau, a broad area lying 
well off the Georgia-Florida-Carolina coast and north of the 
Bahama Islands in waters of intermediate depths, but excludes 
areas quite close to the Pacific Coast which lie in waters well 
over 3,000 feet in depth. Together, we frequently refer herein 
to the various included elements as the "continental margins."1 
The basic emphasis in this report is on the "non-living" re­
sources of the Shelf and Slope--the mineral matter to be found 
on, in, and under the seabed and in the waters above it. Its 
inclusion of summary material on botanical resources is to fill 
a gap in coverage between this and another principal report to 
the Council--that on the fish and shellfish of the Shelf and 
Slope. Though "resources," in the sense of naturally occurring 
source materials, are discussed throughout the report, the 
emphasis is always on the useful "materials" (metals, chemicals, 
extracts, fuels, aggregates, water, etc.) which may be derived 
from them. 
Of the 50 or more materials covered in the study, some are 
treated in considerable detail; others, because of limitations 
in time and money, are reviewed in summary fashion. The 
tentative nature of the findings must be borne in mind par­
ticularly in the case of those materials given summary treatment, 
although in either case the conclusions must be considered more 
tentative than definitive. Materials receiving the greatest 
amount of study were oil and gas, manganese, phosphorus (phos­
phate), sulfur, aggregates, calcium carbonate, gold, titanium, 
thorium, and fresh water (especially by salt-water conversion). 
The choice of materials for extended treatment was based on 
three criteria: occurrence, apparent public interest, and 
relative importance of the material (among raw materials in 
general) in the U. S. economy. 
1This is for convenience and is not intended to be techni­
cally precise. Most writers define the "continental margins" 
to include all of the Continental Shelf, Slope, and "rise" 
(the sedimentary fringe beyond the slope), regardless of the 
widely varying depths at which these geologically distinguish­
able features occur. 
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2. Pilkey, O. H., I. G. Macintyre, and E. Uchupi. 1971.
Shallow structures: shelf edge of continental margin be­
tween Cape Hatteras and Cape Fear, North Carolina. Arn.
Assoc. Pet. Geol. Bull. 55{1) :110-115.
Two types of structural framework are predominant on shallow 
seismic profiles recorded at the continental shelf edge off 
North Carolina between Cape Hatteras and Cape Fear. At least 
six prominent progradational sedimentary units, which are 
separated by disconformable surfaces, indicate that the conti­
nental shelf edge seaward of Cape Fear has been formed mainly 
by outbuilding. Uniformly thick parallel beds predominant 
north of Cape Fear are the result of relatively uniform up­
building-outbuilding processes. Within this parallel bedded 
structure, a distinct erosional surface can be traced from the 
outer shelf to the upper continental slope, where it is trun­
cated by another buried erosional surface. 
Surface topographic features near the shelf break off North 
Carolina have been formed largely by erosional processes, al­
though locally organic accretion may have occurred. Small 
terraces and ledges that are exposed or buried were eroded into 
the outer shelf and upper slope during pauses in the fluctuating 
sea levels of the Pleistocene and Holocene Epochs. Notches on 
the upper continental slope appear to have two origins: 
(1) erosional, i.e., the notch was carved by the Gulf stream,
and {2) erosional or nondepositional, i.e., the notch was formed
between the exposed back slope of a terrace and the sedimentary
wedge occurring on the terrace platform.
3. Pratt, R. M. 1971. Lithology of rocks dredged from the
Blake Plateau. Southeast. Geol. 13(1) :19-38.
Dredge samples and photographs from the Blake Plateau, off 
the southeastern coast of the United States, show that the 
bottom material consists of a sediment component and a rock com­
ponent. Sediment is characteristically very well sorted 
foraminiferal sand except near the Bahama Banks where it is 
carbonate lutite. The rock fraction can conveniently be 
separated into limestone, coral, phosphate concretions and 
manganese concretions. Dredged limestone consists of reef rocks 
from along the edge of the continental shelf and indurated 
foraminiferal calcarenite from the Plateau that forms the bed 
rock in the rea. It contains fossils ranging from Upper 
Cretaceous to Recent in age, but much of the dredged rock 
appears to be multicyclic. Ahermatypic coral grows in prominent 
topographic mounds or coral banks up to 20 meters in height. 












owes its growth to a long-term equilibrium condition between 
sedimentation and erosion maintained by the currents. The coral 
helps to stabilize the bottom by trapping fine sediment. 
Phosphate nodules occur extensively from the slope to the outer 
escarpment across the northern end of the Plateau, and in a 
small area off Miami, Florida. They are mostly conglomeratic 
nodules but near the outer escarpment appear to be an integral 
part of sedimentary formations. The marine phosphate has many 
petrographic and stratigraphic similarities to land deposits of 
the Carolinas and Florida: on the Blake Plateau it has 
accumulated as a lag gravel after erosion of the parent forma­
tions by the Gulf Stream. Manganese concretions are forming 
under present day conditions. They occur as concentric, 
roundish nodules up to 10 cm in diameter, as tabular plates 
and as a continuous pavement in combination with phosphate 
nodules. The manganese concretions grow by replacement of 
phosphate nodules as well as by simple accretion. Their 
overall chemical composition is similar to that of deep-sea 
deposits except that they reflect the high carbonate content of 
the Blake Plateau sediment. Various vertebrate fossils, 
granitic erratics and human artifacts were also picked from 
the samples. The Gulf Stream is the controlling environmental 
factor in the area and the distribution of all rocks and most 
fine sediment can be related to the current regime. 
4. Macintyre, I. G. and J. D. Milliman. 1970.
features on the outer shelf and upper slope,
tinental margin, southeastern United States.




Both erosional and constructional processes appear to have 
formed physiographic features near the shelf break along the 
southeastern United States, as indicated by extensive echo­
sounder profiles, rock-dredge material, and bottom photographs. 
Between Cape Hatteras, North Carolina, and Fort Lauderdale, 
Florida, four distinct physiographic areas are delineated, 
each having characteristic morphologies and lithologies. 
The ridges and well-defined troughs on the outer shelf and 
upper slope (depths of about 50 to 150 m) between Cape Hatteras 
and Cape Fear may be related largely to earlier Gulf Stream
erosion, and the rocks (algal limestones and sandstones) and 
sediments dredged from these features probably are mainly 
Holocene, relict shallow-water deposits forming a thin veneer 
over this erosional surface of the sea floor. Relatively rapid 
accumulation of pre-Holocene sediments may account for the 
general absence of pronounced physiographic features on the 





Ledges, small terraces, and rises (depths of 50 to 110 m) in 
this area are probably Holocene features eroded into, or con­
structed on the pre-Holocene sediments, which are covered by 
transgressive Holocene algal limestones and sandstones similar 
to those collected to the north. The lithology, together 
with radiocarbon dates of rock material, indicate that well­
defined ridges in depths of 70 to 90 m between Cape Kennedy 
and Palm Beach are relict o�litic ridges or "dunes" formed 
during the Holocene transgression; these features are now 
covered by modern Oculina sp. coral debris. From Palm Beach 
to Fort Lauderdale, where the continental shelf is narrow and 
shallow, a small ridge present at the shelf break (15 to 
30 m) is thought to be an "inactive" coral reef. 
5. Uchupi, E. 1970. Atlantic continental shelf and slope of 
the United States--shallow structure. U. s. Geol. Surv.
Prof. Pap. 529-I, pp. Il-I44.
The continental terrace (continental shelf and slope) 
off the east coast of the United States can be divided into 
two segments. North of Cape Hatteras, N. c., the shelf is 
immediately adjacent to the continental slope; south of 
Cape Hatteras, the shelf is either separated from the slope 
by a marginal plateau (Blake Plateau) or is cut in two by a 
marg_inal trough (Straits of Florida). 
The northern segment of the continental terrace·was 
formed by upbuilding on the shelf and outbuilding on the 
slope atop subsiding Triassic and Jurassic rocks and the 
Paleozoic basement. Strata on some sections of the shelf, in 
both the northern and southern segments, have been slightly 
worked into broad ridges at right angles and parallel to 
shore. Within the southern segment, the slope east of the 
Blake Plateau (Blake Escarpment) was formed by carbonate 
accretion or reef buildup. Carbonate accretion, possibly 
accompanied by folding and faulting, also formed the side 
slope of the Straits of Florida. The shelf and Florida­
Hatteras Slope west of the Blake Plateau were formed by 
upbuilding on the shelf and outbuilding on the slope in the 
direction of the Blake Plateau. 
The framework of the continental terrace was modified 
considerably during the Pleistocene. Proglacial fluvial 
and glacial erosion deepened the normally shallow shelf 
east of New York. Pluvial and marine erosion and deposition 
formed the channels, deltas, and terraces on the shelf's 
surface west of Georges Bank. Turbidity currents, slumping, 
and gravitational sliding deeply eroded and steepened the 
normally gentle continental slope north of Cape Hatteras. 
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Erosion by the Gulf Stream modified the Blake Plateau and 
Florida-Hatteras Slope. Farther south, deposition by 
littoral drift from the north partly buried the carbonate 
side slopes of the Straits of Florida. 
Other modifications of the shelf occurred during the 
last transgression in post-Wisconsin time. At that time, the 
glacial sediments on Georges Bank and Nantucket Shoals were 
modified to nearly their present shape by waves. Fine 
material winnowed from these glacial sediments was transport­
ed northward and deposited in the basins in the Gulf of 
Maine. The ridge and trough topography of the shelf west of 
Georges Bank was probably also formed during the last rise in 
sea level. Within the southern segment of the terrace, 
carbonate ridges were formed by calcareous algae on the shelf, 
near the present shelf-break, and on the Florida-Hatteras Slope. 
On most of the continental terrace, the Pleistocene relict 
surface is still recognizable, and it reflects the short time 
since sea level rose to its present position and the low 
volume of sediment that has been deposited on the shelf since 
then. 
6. Manheim, F. T., R. H. Meade, and G. C. Bond. 1970. Sus­
pended matter in surface waters of the Atlantic continental
margin from Cape Cod to the Florida Keys. Science 167(3917): 
371-376.
Appreciable amounts of suspended matter (>l.0 milligram per 
liter) in surface waters are restricted to within a few 
kilometers of the Atlantic coast. Particles that escape 
estuaries or are discharged by rivers into the shelf region 
tend to travel longshoreward rather than seaward. Suspended 
matter farther offshore, chiefly amorphous organic particles, 
totals 0.1 milligram per liter or less. Soot, fly ash, 
processed cellulose, and other pollutants are widespread. 
7. Meade, R. H. 1969. Landward transport of bottom sediments 
in estuaries of the Atlantic Coastal Plain. J. Sediment.
Petrol. 39 (1) : 222-234. 
The estuaries of the Atlantic Coastal Plain, which are the 
mouths of rivers drowned during the latest eustatic rise in sea 
level, are being filled with sediment. River-borne sediment is 
partially trapped in the estuaries by the predominantly land­
ward flow of estuarine bottom waters. The main evidence of this 
are measurements of the sediment flux (suspended-sediment 
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concentration and water velocity measured at intervals of depth 
and through tidal cycles) that show sediment being moved 
progressively landward along the bottom. Comparisons of the 
loci of sediment deposition and the patterns of water circula­
tion show that sediment accumulates in estuaries near the 
upstream limit of landward bottom flow. 
The movement of sands into the mouths of the larger estu­
aries from the continental shelf and nearby beaches is also 
suggested by several other lines of evidence. Bottom waters 
of the continental shelf move progressively into the mouths 
of estuaries, and they presumably carry bottom sediments with 
them. Beach sands move toward and into the mouths of some 
estuaries at rates of several hundred thousand cubic meters 
per year. And distinctive mineral components in the lower 
reaches of estuaries suggest that the bottom sediments were 
derived from offshore. 
The rates of filling of the estuaries have been different 
in the northern and southern parts of the Coastal Plain. The 
large northern ri ers carry disproportionately small loads 
of sediment that have not yet filled the deep valleys which 
were cut during the ice ages. The southern rivers carry larger 
sediment loads relative to the sizes of their valleys, and 
consequently their estuaries are mostly filled with sediment. 
8. Uchupi, E. 1969. The continental margin off the east coast 
of North America: a discussion. Offshore Technology Con­
ference, Preprint Paper No. OTC 1124, pp. 445-452. 
The original continental margin off the east coast of 
North America was fo med mainly by the welding of a marginal 
orogen against the continental block and partially by 
rifting. Jurassic and post-Jurassic sediment upbuilding 
and outbuilding, and carbonate accretion modified the orig­
inal continental margin into its present form. The 
continental rise north of Cape Hatteras and the Blake Outer 
Ridge south of the Cape are Cenozoic features developed by 
turbidity currents and bottom currents flowing par llel to 
the contours. Gravity tectonics ha·e greatly altered the 
sedimentary framework of the rise north of Cape Hatteras. 
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9. Emery, K. O. and E. F. K. Zarudzki. 1967. Drilling on the
continental margin off Florida: seismic reflection profiles
along the drill holes on the continental margin off Florida.
U. S. Geol. Surv. Prof. Pap. 581-A, pp. Al-AB.
Continuous seismic reflection profiles along the line of
JOIDES drill holes were adjusted for the velocity of sound 
at depth, as measured in one of the drill holes and deter­
mined at nearby seismic refraction stations. The adjusted 
reflecting horizons agree in many respects with the strati­
graphic section which includes strata of Miocene, Oligocene, 
Eocene, and Paleocene age, as indicated by samples from the 
drill holes. The reflection profiles provide continuity of 
data between the drill holes and extend to much greater 
depths than the drill; thus they supplement and amplify infor­
mation derived from the drill samples. Both kinds of data 
show that the continental shelf is underlain by a Tertiary 
· sequence that has prograded seaward so that the foreset beds
form the past and present Florida-Hatteras Slope. No evidence 
of faulting at the Florida-Hatteras Slope is exhibited by the 
reflecting horizons. A shallow ridge (or anticline), probably 
of Cretaceous strata, may underlie the middle part of the 
continental shelf. 
The seismic profile between two drill holes on the Blake 
Plateau contains reflecting horizons that correspond fairly 
well to the tops of Oligocene and Paleocene strata that were 
sampled by the drill. These strata continue beyond the plateau, 
and they partly mantle the Blake Escarpment. Deeper reflecting 
horizons lie within the Cretaceous sequence, and some may even 
be older than Cretaceous; they are truncated by the Tertiary 
beds that mantle the Blake Escarpment. 
10. Uchupi, E. and K. 0. Emery. 1967. Structure of continen­
tal margin off Atlantic coast of United States. Arn. Assoc. 
Pet. Geol. Bull. 51(2) :223-234. 
Seismic profiler recordings in 44 profiles between Nova 
Scotia and the Florida Keys indicate that the continental margin 
was formed by upbuilding on the shelf and prograding on the 
slope. Upbuilding on the shelf during the Tertiary and 
Quarternary Periods ranged from 200 to 1,000 meters, and 
seaward prograding on the slope during the same span of time 
was from 5 to more than 35 kilometers. The greatest prograda­
tion occurred where the slope is flanked by the Blake Plateau 
rather than by the deep sea. The beds are truncated along 
some sections of the slope as though the slope had been 




the slope continue into the continental rise; off New England 
the rise consists of sedimentary layers that have buried the 
base of the continental slope; and off southeastern United 
States the beds of the Florida-Hatteras Slope have prograded 
atop the older surface of the Blake Plateau. 
11. Uchupi, E. 1967. The continental margin south of Cape
Hatteras, orth Carolina: shallow structure. Southeast.
Geol. 8 (4) :155-177.
Continuous seismic profiles, drill hole data and dredge
hauls show that the geologic history of the continental margin 
south of Cape Hatteras has been complex, marked by carbonate 
deposition, erosion by the Gulf Stream, and differential 
subsidence. The Blake Escarpment east of the Blake Plateau 
is believed to represent a chain of algal banks that flourished 
during the Cretaceous. A thick sequence of shallow-water 
carbonate sediments accumulated on the Blake Plateau behind 
the algal sandbanks to the east. Soon after the banks died 
during Late Cretaceous submergence of the area the Gulf Stream 
extended its course across the Blake Plateau. During the 
Tertiary, the locus of deposition shifted westward to the 
area near the present shelf-break, where 600 to 1000 meters 
of shallow-water sediments ere deposited. South of Latitude 
32° sediment prograded against the westward margin of the 
Gulf Stream throughout the Tertiary. Farther north, where the 
Gulf Stream lies farther offshore, outbuilding·extended beyond 
the eastern margin of the Blake Pl teau. Vertical uplifts 
followed by erosion by the Gulf Stream during the Pleistocene 
modified this sedimentary framework. 
12. Redfield, A. C. 1967. Postglacial change in sea level in
the western orth Atlantic Ocean. Science 157(3789):
687-692.
Radioactive car on determinations of the age of peat indicate 
that at Bermuda, souther Florida, North Carolina, and Louisiana 
the relative sea level has risen at approximately the same rate, 
2.5 x 10-3 foot per year (0.76 x 10-3 meter per year), during
the p st 4000 years. It is proposed tentatively that this is 
the rate of eustatic change in sea level. The rise in sea level 
along the northeastern coast of the United States has been at a 
rate much gre ter than this, indicating local subsidence of the 
land. Between Cape Cod and northern Virginia, coastal subsidence 
of 13 feet appears o have occurred between 4000 and 2000 years 
ago and h s continued at a rate of bout 1 x 10-3 foot per year 
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since then. On the northeastern coast of Massachusetts, subsi­
dence of 6 feet occurred between 4000 and 3000 years ago; since 
then sea level has risen at about the eustatic rate. Between 
12,000 and 4000 years ago, sea level rose at an average of about 
11 x 10-3 foot per year. The part played by local subsidence 
or temporary departures from the average rate during this period 
is uncertain. 
13. Manheim, F. T. 1967. Evidence for submarine discharge of
water on the Atlantic continental slope of the southern
United States, and suggestions for further search. N. Y.
Acad. Sci. Trans., Ser. II, 29(7) :839-853.
Fresh and brackish waters have been observed in drill holes
on the floor of the Atlantic Ocean as far as 120 km from the 
· coast of Florida. These data and observations from the sub­
mersible, "Aluminaut," on the Blake Plateau indicate that fresh
and brackish water is discharging in the Florida-Hatteras slope
regions. Discharge zones appear to be associated with probable
outcrops and lightly covered exposures of Eocene strata, hosts
for the Floridan Aquifer on the continent. Local depressions
in these outcrop areas, whether or not they are presently active
sites of fluid flow, may have formed first during the Pleistocene
glacial maximum by a combination of sapping caused by submarine
discharge and erosion by bottom currents.
Electrical logging techniques, including several types of 
resistivity logging and spontaneous potential measurement, offer 
possible methods for monitoring the changes in fluids both 
below and above the sea bottom. Most of the equipment needed 
to adapt such techniques to logging from a ship under way or 
from a submersible is available commercially. 
14. Pratt, R. M. 1966. The Gulf Stream as a graded river. 
Limnol. Oceanogr. 11(1) :60-67. 
The Gulf Stream flowing north through the Straits of 
Florida and across the Blake Plateau has many of the 
characteristics of a graded river. As a graded river, it 
transports water and sediment in such a manner that it neither 
erodes nor aggrades its channel. The delicate balance between 
erosion and deposition is emphasized by the presence of scour 
depressions and aggradational banks side by side on the bottom, 
and the well-sorted Globigerina sand being winnowed over a 
bottom partly encrusted with manganese nodules. The hydraulic 




15. Uchupi, E. and A. R. Tagg. 1966. Microrelief of the
continental margin south of Cape Lookout, North Carolina.
Geol. Soc. Am. Bull. 77(4) :427-430.
On the basis of recorded microrelief data, the continental
margin between Cape Lookout, North Carolina, and the Bahama 
Islands may be divided into the following domains: (1) smooth-­
lacking any microrelief; (2) undulating--containing sand swells; 
(3) rough--characterized by numerous low, conical hills; and
(4) blocky--broken by rectangular depressions.
16. Pratt, R. M. and P. F. McFarlin. 1966. Manganese pave­
ments on the Blake Plateau. Science 151(3714) :1080-1082.
Dredge samples and photographs from the Blake Plateau, off
the southeast coast of the United States, indicate that a layer 
of manganese oxide forms pavement that may be continuous over an 
area of about 5000 square kilometers. The manganese pavement 
grades into round manganese nodules to the south and east and 
into phosphate nodules to the west. The Gulf Stream probably 
maintains a very unusual environment that prohibits deposition 
of elastic sediment and permits accretion of manganese pave­
ments. 
17. Emery, K.Q. 1966. The Atlantic continental shelf and
slope of the United States--geologic background. u. s.
Geol. Surv. Prof. Pap. 529-A, pp. Al-A23.
This report is the first of a series that describe the
geological, biological, and hydrological characteristics and 
the geological h'story of the continental shelf, slope, and 
rise off the At antic coast of the United States. The reports 
are the result of a 5-year program that is being conducted 
jointly by th U. S. Geological Survey and the Woods Hole 
Oceanographic Institution with extensive collaboration of 
the u. S. Bur u of Comm rci 1 Fisheries and other organiza­
tions. The geo ogic ork consists of field and laboratory 
investigations of topography, ediments, rocks, and structure. 
Mineralogy, aleontology, geochemistry, and eco omic geology 
are included. Compl menting the geological wor are studies 
of biology (the distribut·on and nature of pelagic and 
benthic organisms) nd hydrology (the contribution to the ocean 
of fresh water by stream runoff and the processes by which this 
water becomes mix d with oceanic •at r). 
Topographic ch rts constructed during the program reveal 
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deep irregular topography in the Gulf of Maine and off Nova 
Scotia produced by glacial erosion and deposition. On the 
continental shelf most irregularities, such as terraces and 
sand waves, are formed by marine processes. In deeper water, 
submarine canyons, aprons superimposed upon the continental 
rise, and broad flat abyssal plains are caused or influenced 
by turbidity currents. Structural deformation is shown on 
the topographic charts by prominent bends of the continental 
slope. 
A suite of well-distributed large bottom samples discloses 
a broad belt of coarse-grained relict sediment deposited during 
the transgression of the ocean across the shelf during post­
glacial time. These sediments were contributed to the ocean 
by streams that carried glacial melt water in the north, or 
drained areas of weathered rock in the central and southern 
parts of the region. Modern coarse-grained detrital sediments 
are restricted to the nearshore zone, but modern fine-grained 
sediments largely blanket the deep Gulf of Maine and the still 
deeper continental slope and rise. Modern calcareous biogenic 
sediments dominate at the south on the continental shelf, on 
the Blake Plateau, and at greater depths. 
Dredge and other samples from the ocean bottom show that 
the unconsolidated Pleistocene and Recent sediments overlie 
strata of Pliocene and Miocene age on most of the continental 
shelf. In areas of deeper water are discontinuous outcrops 
of rocks that are as old as middle Cretaceous on the continental 
slope and as old as Paleozoic in the Gulf of Maine. 
Continuous seismic profiles reveal that the Pleistocene 
and Recent sediments are 10-60 meters thick throughout most 
of the shelf and that they unconformably overlie the older 
strata. Several reflecting horizons within the sediments 
indicate interruptions in deposition, possibly during times 
of glacially lowered sea level. The profiles also show local 
downwarping of Pliocene and Miocene strata at the top of the 
continental slope, a possible result of downwarping. Earlier 
and greater tectonic activity is indicated by structural 
trenches in the vicinity of the continental slope, those at the 
north being filled to overflowing with Cretaceous and later 
sedimentary strata and those at the south being incompletely 
filled. Clearly, the topography, sedimentology, lithology, 
and structure are closely interrelated and cannot be completely 






18. Emery, K. 0. 1966. Geological methods for locating mineral 
deposits on the ocean floor. Pages 24-43 in Exploiting the 
ocean. Trans. 2nd Mar. Tech. Soc. Conf., June 27-29, 1966. 
Geological considerations of the potential mineral resources 
on the ocean floor indicate that primary igneous mineral deposits 
are unimportant as compared with sedimentary mineral deposits. 
This difference is due to the thick cover of Tertiary sedimen­
tary strata on most continental shelves and the general lack of 
deep weathering and erosion of igneous and metamorphic rocks 
in the few places where they are exposed on the continental 
shelves. 
The chief sedimentary mineral resource of the ocean floor 
at present and probably in the future is oil and gas, which 
are almost restricted to thick marine sedimentary sequences. 
The only other minerals that have been recovered commercially 
are the heavy concentrates of placers (tin, diamonds, iron, 
gold) and cheap supplies of shell and other sediments in 
shallow nearshore areas. 
Much interest has been focused on ocean-floor deposits of 
phosphorite and mang nese oxide, but the low quality of the 
deposits and the uncertainties in the costs of mining delay 
their possible exploitation . 
19. Emery, K. o. 1965. Geology of the continental margin off 
eastern United States. Colston Papers, Butterworth's Sci. 
Publ., London 17:1-20.
An und rstanding of the geological history of the continen­
tal margin off the Atlantic coast of the United States requires 
a knowledge of many spects of topography, sediments, lithology 
and structure. The lithology and structure of the region indi­
cate the presence of P laeozoic intrusive igneous and sedimen­
tary rocks, and of Mesozoic sedimentary strata deeply under­
lying most of th continental shelf. The Palaeozoic rocks crop 
out in the gl ci lly eroded Gul of Maine and the esozoic 
rocks occur t many place on the continental slope, as well as 
in the G lf of aine. Throughout most of the continental shelf 
and on Blake P ateau these rocks are overl in y Plio-Miocene 
strata. The sugg stion is dvanced that the continental slope 
and the ssoc·a ed lesser s opes were formed by faulting during 
early Tertiary times nd that they were modified by submarine 
erosion. Sedim nts of the 1 ter Tertiary 1 rgely avoided 
the continen al slop , nd took h orm of progr ded beds on 
the continental sid of the slop nd of flysch-type beds on 
the oc anic ide. The topography and sediments that constitute 
the s rface of th cont'nental she f indicate both erosion and 
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deposition during Pleistocene glacial stages of lowered sea­
level. Post-glacial sedimentation has been unable as yet to 
modify the surface except locally, such as the nearshore zone, 
the top of Georges Bank, the floors of basins and the top of 
the continental slope. 
20. Emery, K. O. 1965. Some potential mineral resources of
the Atlantic continental margin. U. s. Geol. Surv. Prof.
Pap. 525-C, pp. Cl57-Cl60.
Preliminary findings from a current geological investi­
gation indicate that the continental shelf and the upper part 
of the continental slope off the Atlantic coast of the United 
States may be the site of large deposits of construction sand, 
phosphorite, manganese oxide, and petroleum. The sand covers 
most of the continental shelf, the phosphorite occurs near the 
top of the continental slope and its southward extension in­
shore of the Blake Plateau, and manganese nodules are common 
on the Blake Plateau. Petroleum source beds and structures 
appear to be most favorable along (1) a seaward extension of the 
Cape Fear Arch, (2) the outer part of the continental shelf 
from south of Boston northeastward probably to the Grand Banks 
of Newfoundland, and (3) a probable fault zone southeast of 
New York City. 
21. Manheim, F. T. 1965. Manganese-iron accumulations in the
shallow marine environment. Narragansett Marine Lab.,
Univ. Rhode Island, 0cc. Publ. No. 3, pp. 217-275.
22. JOIDES (Joint Oceanographic Institutions' Deep Earth
Sampling Program), (E. T. Bunce, K. O. Err.ery, R. D. Gerard,
S. T. Knott, L. Lidz, T. Saito, and J. Schlee). 1965.
Ocean drilling on the continental margin. Science 150
(3697) :709-716.
23. Pratt, R. M. and B. c. Heezen. 1964. Topography of the
Blake Plateau. Deep-Sea Res. 11(5) :721-728.
The topography in the area of the Blake Plateau (24°-
340N, 710 - a1°w) has been compiled from original data of 
the Woods Hole Oceanographic Institution and the Lamont 






about 850 m deep, is bounded on the east by the Blake Escarpment 
and the Blake-Bahama Basin. The Blake Outer Ridge is a steep­
crested accumulation of sediment trending southeast from the 
northern end of the Blake Plateau. The distribution of present 
day and ancient carbonate sediments and the active role of 
currents, especially the Gulf Stream, helps to explain the 
physiography of the area. 
24. Pratt, R. M. 1963. Bottom currents on the Blake Plateau. 
Deep-Sea Res. 10(3):245-249. 
25. Uchupi, E. 1968. Atlantic continental shelf and slope of 
the United States--physiography. U. S. Geol. Surv. Prof. 
Pap. 529-C, pp. Cl-C30. 
The continental margin from Nova Scotia to the Florida 
Keys exhibits a variety of physiographic forms. On the basis 
of surface morphology it can be divided into three zones. In 
the northern zone, the continental shelf extending from Nova 
Scotia to Nantucket Island, has broad basins separated by shallow 
flat-topped banks, undulating swells, and irregularly crested 
ridges; some of the basins reach depths greater than 200 meters . 
This type of shelf topography is characteristic of shelves off 
glaciated areas and terminates at or near the sputhern limit 
of Pleistocene glaciation. Seaward of the shelf most of the 
continental slope is deeply entrenched by submarine canyons. 
At the foot of the slope is a large sedimentary apron known 
as the continental rise. 
The central zone from Nantucket Island to Cape Lookout 
also consists of continental shelf, slope, and rise. Although 
smoother than in the northern zone, the surface of the shelf 
is disrupted by sand swells, channels, coral mounds, and terraces. 
Most of these features may be related to lower stands of sea 
level during the Pleistocene. The continental slope in this 
zone is as deeply entrenched by submarine canyons as the slope 
in the northern zone. The continental rise seaward of the 
continental slope is similar to that in the northern zone. 
The continental margin in the southern zone from Cape 
Lookout to the Florida Keys is more complicated than the areas 
farther north. The continental slope is relatively smooth and 
has gradients as high as 20°--five times steeper than the slope 
farther north. The area landward of the slope does not consist 
of a simple continental shelf as it does farther north but 





Plateau), a trough (the Straits of Florida), and the Bahama 
Banks. In this sector of the continental margin, the topo­
graphic position occupied by the continental rise farther north 
is occupied by the broad flat-bottomed Blake Basin and Blake 
Ridge. East of Nantucket Island, topographic differences are 
believed to be due to glacial erosion, which has deepened the 
normal shallow shelf; south of Cape Lookout, they are believed 
to be due to folding or faulting, erosion by the Gulf Stream, 
and calacareous accretion. 
26. Milliman, J. D., O. H. Pilkey, and B. W. Blackwelder. 1968.
Carbonate sediments on the continental shelf, Cape Hatteras
to Cape Romain. Southeast. Geol. 9(4) :245-267.
Surficial sediments on the continental shelf between Cape
· Hatteras and Cape Romain are dominated by terrigenous components.
The shelf sediments contain appreciable amounts of calcium
carbonate. Local variations in carbonate abundance depend upon
the rate of noncarbonate accumulation.
Inner shelf carbonates in the three embayments are 
d ominated by mollusks. Outer shelf sediments contain barnacle­
coralline algae debris, apparently derived from a ridge system 
that lines the upper slope and shelf edge. Oolite dominates 
portions of central Onslow Bay and outer Long Bay. Miocene 
lithic fragments span Onslow Bay; Pleistocene litpic fragments 
are apparently ubiquitous throughout the shelf. 
Fragmental, worn and blackened shells, abundant relict 
fauna, plus carbon-14 and petrographic data indicate that most 
of the carbonate material in the three embayments was deposited 
during or prior to the Holocene transgression. The sharpness 
of assemblage boundaries and the patchy areal distribution of 
various carbonate parameters, both within and between bays, 
infer that transport and redistribution by bottom currents has 
been local. 
The composition and distribution of carbonate components 
on this ''terrigenous" shelf are remarkably similar to those 
found on ''carbonate-rich" tropical shelves. 
27. Zarudzki, E. F. K. and E. Uchupi. 1968. Organic reef
alignments on the continental margin south of Cape
Hatteras. Geol. Soc. Am. Bull. 79(12) :1867-1870.











shelf, Florida-Hatteras Slope, arid the Blake Plateau reveal 
the presence of four calcareous ridge systems. The two 
westernmost of these are described in this report; one is 
buried beneath the Florida-Hatteras Slope, and the other is atop 
the shelf near the shelf-break. Both ridge systems appear to 
parallel the slope. The ridge beneath the slope consists of 
deep-water corals blanketed by as much as 100 m of sediment. 
The ridge on the shelf is less than 10 m high and was formed 
in part by calcareous algae. Both ridges are probably of 
Pleistocene age; the one beneath the slope is early or middle 
Pleistocene, and the shelf ridge is late Pleistocene. 
28. Dolan, R. 1972. Barrier dune system along the Outer Banks 
of North Carolina: a reappraisal. Science 176(4032): 
286-288.
Barrier dune development has been encouraged by man along 
the Outer Banks of North Carolina to stabilize the barrier 
islands. This modification of a delicately balanced natural 
system is leading to severe adjustments in both geological 
and ecological processes. 
29. Hopkins, E. M. 1971. Origin of capes and shoals along the
southeastern coast of the United States: discussion. Geol.
Soc. Am. Bull. 82(12) :3537-3540.
30. Henry, V. J., Jr. 1971. Origin of capes and shoals
along the southeastern coast of the United States: reply.
Geol. Soc. Am. Bull. 82(12) :3541-3542.
31. Hoyt, J. H. and V. J. Henry, Jr. 1971. Origin of capes 
and shoals along the southeastern coast of the United 
States. Geol. Soc. Am. Bull. 82:59-66 • 
. 
The origin of the prominent capes and shoals along the 
southeastern coast has not been satisfactorily explained. 
Previously proposed mechanisms, including back-set eddies 
of the Florida Current (Gulf Stream), longshore-offshore 
drift, structural uplift, and variations in wave incidence, 
are improbable because of the concentration of wave energy 
on headlands. Wave refraction favors the retreat of head­
lands, and an alternate hypothesis for the origin of the 
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capes and offshore shoals must be considered. 
The concurrence of capes and rivers is too prevalent to 
be fortuitous. Cape Fear, North Carolina, and Cape Romain­
Santee Point, South Carolina, coincide with the mouths of 
rivers; lesser capes at Tybee and Little St. Simons Islands 
correspond to the discharge areas of major Georgia rivers. 
Cape Lookout, North Carolina, is postulated to correspond to 
a shoal area seaward of the Pleistocene mouth of the Neuse 
River prior to capture by the Pamlico River. Development of 
the Cape Hatteras complex has been augmented by sediments from 
the Roanoke and Pamlico Rivers and from the Susquehanna River­
Chesapeake Bay system. 
These capes are not deltas under present conditions; 
however, at the beginning of a glacial stage, the river gradients 
_were markedly increased by sea-level lowering and deltas devel­
oped. As the sea retreated, the deltas formed f�rther seaward 
on the continental shelf, resulting in the deposition of deltaic 
ridges of sediment perpendicular to the coast. During the 
subsequent submergence which accompanied glacial melting, the 
deltas became the loci of barrier islands and prominent capes. 
Submergence was accompanied by erosion and retreat of the barrier 
capes resulting in the present capes, shoals, and embayments. 
32. Fleischer, P. 1971. Stratigraphy and petro+ogy of
Cretaceous and Tertiary outcrops on the Carolina continental
slope. Page 72 in D. S. Gorsline, ed. Second National
Coastal and Shallow Water Research Conference. Abstracts.
University Press, Univ. of Southern California, Los
Angeles. (abst.)
Sampling and delineation of Cretaceous and Tertiary
outcrops on the continental slope between latitude 32.S0-
36.50N (Cape Fear Arch to slope north of Cape Hatteras) is 
being accomplished by dredging, photography, and 3.SKhz 
profiling with use of R/V EASTWARD. The purpose of this 
study is 1) to date older, truncated units exposed on the slope, 
as shown by numerous previous seismic studies, and consequently 
define the general stratigraphy and upper structure on the 
continental margin; and 2) to compare the petrology and 
sedimentology of these units with their coastal-plain and deep 
sea equivalents. 
Relevant samples have been collected at over 35 stations, 
and additional sampling will be undertaken in fall, 1971. 
Petrographic, mineralogic, textural, and micropaleontologic 




Greatest areas of older exposures are located between 
Cape Fear and Cape Hatteras. Quaternary lutites mantle the 
slope to the south; slumped Neogene sediments predominate 
north of Cape Hatteras. Lower and Middle Eocene limestones are 
most prominently exposed, and form an outcrop belt that consists 
of a series of discontinuous ledges. E0cene exposures dip 
from 1000-1500m off Cape Hatteras to 1500-2200m off Cape Fear, 
where, in addition, Cretaceous units are exposed between 2200-
2500m. Outcrop ledges in general are discontinuous, vary in 
depth, and are poorly developed north of Cape Hatteras. 
Micropaleontologic work by R. L. Fleisher, University 
of Southern California, indicates a Maestrichian age for the 
dredged Cretaceous calcareous deep-water lutites. Eocene 
limestones are deep water foraminiferal oozes with abundant 
radiolarians, and an Oligocene sequence from Cape Hatteras 
is composed of calcareous siltstones and sandstones. 
�errigenous and calcareous lutites compose the Neogene 
deposits. 
Lithology and faunas of the dredged rocks indicate several 
periods of uplift on the slope. Oversteepening as a result 
of uplift probably caused truncation and exposure of older 
units on the slope in the vicinity of Cape Hatteras. 
33. Rainwater, E. H. 1971. Possible future p�troleum potential
of Peninsular Florida and adjacent continental shelves.
Pages 1311-1341 in I. H. Cram, ed. Future petroleum
provinces of theUnited States--their geology and potential.
Am. Assoc. Pet. Geol. Memoir 15, Tulsa, Oklahoma.
Peninsular Florida and the adjacent continental shelves
comprise an area of about 150,000 sq mi (388,500 sq km) and 
have a volume of sedimentary rock above crystalline basement 
of about 315,000 cu mi (1,312,600 cu km). The sedimentary 
section includes strata of early Paleozoic, Triassic, Juras­
sic (?), Cretaceous, and Tertiary ages. 
Only four small fields have been discovered in Florida 
from the drilling of about 300 exploratory wells. The fields 
are located in the South Florida basin, and the productive 
formation is the Lower Cretaceous Sunniland Limestone. 
The speculative recoverable petroleum potential is 
estimated on the basis of known or inferred conditions during 
deposition. Lower Cretaceous strata have the greatest poten­
tial--estimated speculative reserves of 6.5 billion bbl of 
oil and 7 trillion cu ft of gas in sandstone and c�rbonate 
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rocks on the south flank of the Peninsular arch and in limestone 
reefs of the northern part of the Gulf continental shelf. Upper 
Jurassic sandstones and carbonate rocks are believed to underlie 
much of the area west and south of the Peninsular arch, and they 
are estimated to contain 1 billion bbl of oil and 5 trillion cu 
ft of gas. Paleocene and lower Eocene carbonate rocks probably 
have a potential of 200 million bbl of oil and 0.5 trillion cu 
ft of gas. Paleozoic sandstones of northern Florida and the 
adjacent continental shelves should contain 100 million bbl of 
oil and 0.5 trillion cu ft of gas. 
34. Spivak, J. and o. B. Shelburne. 1971. Future hydrocarbon
potential of Atlantic coastal province. Pages 1295-1310
in I. H. Cram, ed. Future petroleum provinces of the United
States--their geology and potential. Am. Assoc. Pet. Geol.
Memoir 15, Tulsa, Oklahoma.
Although no fields have been found to date in the United 
States part of the Atlantic Coast north of Florida, large 
speculative reserves of oil and gas are believed to be present 
beneath the coastal plain, continental shelf, and continental 
slope. Speculative recoveries estimated from volume of sedi­
mentary rocks are 13 billion bbl of petroleum and natural gas 
liquids and 74 trillion cu ft of gas. Ninety percent of these 
predicted reserves is offshore, and most accumulations are 
expected to be found north of Cape Fear. 
The Atlantic Coastal province is an untested area. 
Onshore, there is one well per 390 sq mi (1,010 sq km). Off­
shore, there are no wells in the 118,000 sq mi (305,600 sq km) 
lying beyond inland waters. 
Well control on the coastal plain has revealed a seaward­
dipping and seaward-thickening wedge of Cretaceous and 
Tertiary rocks. The extension of this wedge can be extrapolated 
beneath the continental shelf and slope with the aid of seismic 
refraction data and seafloor samples. Coarse continental 
elastic beds in updip exposures grade into finer grained elastic 
beds and increase in percentage of marine beds seaward. Carbo­
nate beds predominate south of Cape Fear and elastic beds 
predominate northward. Potential hydrocarbon-bear·ng rocks 
range in age =ro� Miocene to Early Cretaceous. Older sedimen­
tary rocks with potential may be discovered offshore. The 
sedimentary sequence on the shelf averages 7,500 ft (2,290 m) 
in thickness and reaches 16,000 ft (4,880m) off New Jersey. 
It continues to thicken beneath the continental slope and may 
exceed 30,000 ft (9,140m) on the Blake Plateau. Onshore well 
data and offshore bottom samples indicate that most of the 
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sediments were deposited in transitional or shallow-marine 
environments, which should assure the presence of potential 
reservoirs and source beds. 
35. Small, s. w., R. D. Tamburello, and P. J. Piaseckyj. 1972.
Submarine pipeline support by marine sediments. J. Petrol.
Tech. 2 4 ( 3) : 317-3 2 2.
36. Duane, D. B., M. E. Field, E. P. Meisburger, D. J. P. Swift,
ands. J. Williams. 1972. Linear shoals on the Atlantic
inner continental shelf, Florida to Long Island. Pages
447-498 in D. J. P. swift, D. B. Duane, and o. H. Pilkey,
eds. SheTf sediment transport: process and pattern.
Dowden, Hutchinson & Ross, Inc., Stroudsburg, Pa.
The inner Atlantic continental shelf from Long Island 
to Florida is characterized by fields of linear, northeast 
trending shoals. The shoals exhibit up to 30 ft of relief, 
have side slopes of a few degrees and extend for tens of miles. 
Clusters of linear shoals merge with the shoreface in water 
as shallow as 10 ft. Most of the shoals out to depths of 120 
ft have been examined by means of seismic profiling, precision 
depth profiling, grab sampling, coring; current monitoring has 
been conducted on a few shoals. These inner-shelf sand bodies 
or shoals can be grouped as arcuate (inlet and cape-associated) 
and linear. Linear shoals may radiate from estuary mouths, as 
a second order structure on arcuate, inlet-associated shoals, 
or may occur on the open coast. Linear shoals on the open 
coast may be shoreface-connected or isolated. All linear shoals 
of the open coast form a small angle (most <35°) with the coast 
line; most open northward regardless of presumed direction of 
net littoral drift. Seismic reflection profiles show the linear 
and arcuate cape-associated shoals to be plane-convex features, 
some exhibiting internal inclined bedding structures, resting 
upon a featureless, nearly horizontal stratum. 
Marked differences exist between sediments of shoals and 
those of underlying acoustically defined strata, which also 
show local and regional changes in lithology. The underlying 
strata, which are occasionally exposed in troughs between 
ridges, range in age from 7,000 to 25,000 years old. These 
ages, obtained from radiocarbon analyses of shells, peat, and 
organic mud, indicate that formation of linear and cape­
associated arcuate shoals post-dated the last transgression; 
hence they are all younger than at least 11,000 BP. Changes 
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in mineralogy of the shoals parallel changes in the mineralogy 
of adjacent beaches. Shoreface-connected shoals have granu­
lometric characteristics similar to the beach. 
Shoreface-connected shoals appear to be presently forming 
in response to the interaction of south-trending, shore­
parallel, wind set-up currents with wave-generated bottom 
currents during winter storms. In some areas sequences of 
shoreface-connected shoals seem to comprise effective evolu­
tionary series whereby the process of shoal detachment by 
deepening and headward erosion of the landward trough is 
illustrated. Morphological and hydraulic evidence suggests 
that detached shoals continue to respond to the modern hydrau­
lic regime of the inner shelf, whith the helical flow that they 
induce in coast-parallel storm currents serving to aggrade 
their crests, and fair-weather wave surge serving to degrade 
them. Equilibrium shoal crest depth seems to be about 30 ft 
on the inner shelf; a second mode of crest depth at 50 ft may 
reflect a recent still-stand at that level. 
37. Swift, D. J. P., J. W. Kofoed, F. P. Saulsbury, and P. Sears.
1972. Holocene evolution of the shelf surface, central and
southern Atlantic shelf of North America. Pages 499-574 in
D. J. P. Swift, D. B. Duane, and O. H. Pilkey, eds. Shelr
sediment transport: process and pattern. Dowden, Hutchinson
& Ross, Inc., Stroudsburg, Pa.
The floor of the central and southern Atlantic shelf is
a palimpsest or multiple imprint surface. An initial pattern 
is an erosional one consisting of major transverse shelf 
valleys and plateaulike interfluves. The dominant pattern is 
that of constructional topography formed at the foot of the 
shoreface. This constructional pattern is undergoing modifica­
tion toward a third pattern in response to the modern hydraulic 
regime; therefore, the term "relict" does not seem an adequate 
descriptor. A unifying concept for the interpretation of 
Holocene shelf history is that of Bruun coastal retreat. This 
variant of the equilibrium profile hypothesis states that a 
rise in sea level over an unconsolidated coast results in shore­
face erosion, equivalent to parallel slope retreat, and a 
concomitant aggradation of the adjacent sea floor. The resulting 
discontinuous debris mantle, the Holocene transgressive sand 
sheet, is only partly autochthonous with respect to the Holocene 
sedimentary cycle, since it incorporates Holocene fluvial depos­
its. The surface of this sand sheet has been molded into a 
variety of morphologic elements. Where the sheet has been 
generated directly from the retreating shoreface, a ridge-and­





lands, the convergence of littoral drift has resulted in cape­
associated shoals. Off estuary mouths the intersection of 
littoral drift with the reversing estuary tide has created inlet­
associated shoals. Seaward of each of these shoal types, 
earlier generations of the same shoals commonly occur. The 
resulting shelf-transverse sand bodies, formed by the progressive 
landward displacement of shoreline depositional centers, are 
shoal-retreat massifs. 
The ridge-and-swale topography is impressed on shoal­
retreat massifs, as well as on other sectors of the shelf 
floor and appears to be a stable end-configuration toward which 
a variety of depositional and erosional topographies tend to 
converge. The asymmetry of large-scale morphological elements 
and also of small-scale bedforms suggests that southward 
sediment transport in the Middle Atlantic bight intensifies 
toward shore and toward the south. The Douthward asymmetry of 
ridges and shoal complexes is seen as far south as Florida. 
38. Rainwater, E. H. 1970. Stratigraphy and petroleum
potential of Peninsular Florida and southern Georgia.
Am. Assoc. Pet. Geol. Bull. 54(9) :1790. (abst.)
Cretaceous and Tertiary sediments, with a maximum thickness 
of about 8,000 ft in southwestern Georgia and 18,000 ft in the 
South Florida basin, are present under all of t�e area south of 
the Appalachian Piedmont belt of Precambrian (?) crystalline 
rocks. In addition, flat-lying early Paleozoic sandstone and 
shale underlie northern Peninsular Florida and southernmost 
Georgia; Triassic continental deposits, with diabase sills 
and dikes, are in grabens under parts of the Georgia coastal 
plain and northern Florida; and Jurassic terrigenous elastics, 
carbonates, and evaporites probably are present on the western 
and southern flanks of the Peninsular arch. 
Limestone and dolimite comprise most of the Cretaceous and 
Tertiary section. Anydrite (sic) is abundant in the Lower 
Cretaceous and Paleocene deposits, and sandstone and shale are 
present throughout the section in Georgia near the northern 
edge of the coastal plain. Deposition was in shallow-marine 
environments on an extensive, slowly subsiding shelf. The 
southern Appalachians were of low relief and, a ter Early 
Cretaceous time, little sediment from this bordering land was 
transported to the shoreline of the shallow sea. There were, 
however, several minor marine transgressions and regressions 
in southern Georgia during the Late Cretaceous and Tertiary, 
because of changes in the rate of uplift of the bordering 
land and downwarp of the coastal plain and adjacent marine 
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areas. The regressive deposits, with sands, were deposited 
slowly, and they were reworked during the succeeding advances of 
the sea. 
Many wells have been drilled in nearly all parts of 
Peninsular Florida and southern Georgia in search for petroleum. 
Therefore, data are available for deciphering the depositional 
and tectonic history of the area and the assessing its petro­
leum potential. Only 4 small oil fields, all in southern 
Florida, have been discovered. 
Lower Cretaceous carbonates and quartzose sandstones of the 
continental shelf off western Peninsular Florida, and of the 
northern flank of the South Florida basin have the greatest 
petroleum potential. Upper Jurassic carbonates and quartzose 
sandstones, which are probably present in the South Florida 
_basin and the inner part of the Gulf continental shelf, may 
have many accumulations, and Paleocene carbonates of north­
western Peninsular Florida and adjacent continental shelf are 
potentially productive. 
39. Hedberg, H. D. 1970. Continental margins from viewpoint 
of the petroleum geologist. Am. Assoc. Pet. Geol. Bull. 
54(1):3-43. 
Major features of the earth's surface are it� continents 
and its ocean basins--which in turn reflect fundamental dif­
ferences between its continental crust and its oceanic crust. 
The broad zone of contact between continental and oceanic 
domains has been called the continental margin. Geomorphically, 
the margin is expressed by the continental slope, but also 
includes the seaward part of the submerged continental shelf 
and the landward part of the continental rise. Geologically, 
the margin includes the zone of lateral change in the litho­
sphere marking the oceanward limits of characteristic con­
tinental crust. 
Many of the most exciting events in the history of our 
planet have taken place at this contact zone, between con­
tinental and oceanic crust, and between continents and oceans; 
the continental margin represents the stage where, through­
out history, this drama has been played. 
Important elements of the continental margin are the 
outer shelf, the borderland, the marginal plateau, the slope, 
the base of the slope, the rise, and the marginal trench. 
The nature and the origin of these features and their sedi­
ments are of vital importance to petroleum geology. Of 
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particular interest to the petroleum geologist are the sediment­
rich, semi-enclosed basins or seas associated worldwide with the 
continental margin; the structural barriers and reefs commonly 
developed near the rim of the continental slope; the numerous 
manifestations of gravity tectonics and diapirism on the slope; 
and the growing evidence for impressive vertical movements 
associated with continental margins. 
Great advances in our understanding of the processes active 
at the continental margins have come from the subsea geologic 
and geophysical studies of the last decades, and rapid addi­
tional progress may be expected from the stimulus of the "the 
new tectonics"; but current hypotheses are still largely in a 
developmental stage. Factual data are still woefully inadequate, 
and the need for additional continuous refraction seismic pro­
files across the margin is critical. Moreover, continuing 
studies are needed, not only to better know the margins of the 
present, but also to better identify the margins of the past. 
Of special interest are the extent and age of transmarginal 
features. 
For the petroleum geologist, it is significant that 
through the ages the continental margin has been the great 
mixing bowl in which has been brewed most of the world's 
petroleum and from which most of its petroleum production to 
date has been derived. The continental margin should be the 
fruitful meeting ground of the petroleum geologist, the 
geologist of the oceans, and the student of earth history. 
40. Mayhew, M. A. 1973. Structural framework of continental
margin of eastern North America. AAPG Eastern Section,
East Coast Offshore Symposium, Atlantic City, N. J., April
23-25, 1973. Abstracts of Papers, Am. Assoc. Pet. Geol.
Bull. 57(10):2147. (abst.)
A reference surface is defined as the top of seismic 
layers of velocity greater than 4.5 km/sec, and referred 
to as "basement.'' The configuration of this surface is a 
series of basins, linear arches, and escarpments which have 
controlled the thickness and facies distribution of the 
lower velocity Cenozoic and late Mesozoic sediments. 
Velocities within basement cluster in two groups, less 
than and greater than about 5.6 km/sec. High-velocity 
basement can be equated accurately with crystalline bedrock 
only in some n arshore areas of the inner shelf. Lower 
Cretaceous carbonates in the Bahamas-Blake Plateau area and 
very possibly farther north have velocities in this range, 
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and obscure the underlying crystalline bedrock. High-velocity 
basement under the continental rise between the Scotian Shelf 
and the Carolinas has velocities mostly in the range of oceanic 
layer 3. Few measurements are in the range of normal upper 
continental crust. 
Low velocity basement represents a great range of litho­
logies and ages, including low-grade metamorphic rocks, 
Mississippian strata, early Paleozoic platform cover, Early 
Cretaceous/Jurassic sediments, and layer 2 of the ocean basin. 
Between the Blake Plateau and the Scotian Shelf, a 
broad basement arch underlying the outer shelf and a secondary, 
more subdued, arch beneath the upper continental rise are formed 
on low-velocity basement. A large gravity high is associated 
with [the] shelf-edge arch, but is not solely caused by it • 
. Basement underlying the secondary arch, and seaward of it, 
has velocities characteristic of layer 2, but is much thicker 
and may be a mixture of elastic, evaporite, carbonate, and 
lava rocks which has subsided several kilometers since the 
region was the shallow margin to a young rift ocean. North 
of the New England seamounts the secondary arch appears to 
underlie the "ridge complex" observed by seismic profiler, 
which in turn follows the magnetic "slope anomaly." 
41. Olson, W. S. 1973. Structural history and qil potential 
of off shore area from Cape Hatteras to Bahamas. AAPG 
Eastern Section, East Coast Offshore Symposium, Atlantic 
City, N. J., April 23-25, 1973. Abstracts of Papers, Am. 
Assoc. Pet. Geol. Bull. 57(10) :2149. (abst.) 
The present Atlantic Coastal Plain and continental shelf 
were parts of the crystalline Appalachians in late Paleozoic 
time when North America was joined to Africa according to current 
interpretation of plate tectonics. In Early Triassic time a 
series of rift valleys developed in this province having trends 
roughly parallel with the present continental rise where the 
continents began to separate. The rise was the site of the 
main rift system and also apparently the site of a line of 
upwelling lava as the precursor of the Mid-Atlantic Ridge. This 
rift system connected the Mediterranean Sea with the newly 
opened Gulf of Mexico which were areas of extensive evaporite 
deposition in Late Triassic and Early Jurassic time. 
Normal sea water entered during Smackover deposition 
which permitted development of great carbonate banks and reefs 
in the southern part of the area. As active separation of the 
continents continued, the distance from the Mid-Atlantic Ridge 
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to the eastern margin of North America increased. This permitted 
a downward flexing of this margin with deposition of sediments 
generally keeping pace with the sinking. 
The subject area lies between the Bahama carbonate plat-
form and the elastic depositional province north of Cape Hatteras. 
The stratigraphy is presumed to be transitional in character. 
The shallow-water carbonate rocks may be expected to include 
many rocks with excellent reservoir properties and source beds 
for petroleum should be abundant. Cap rocks should be present 
due to influence of elastics coming in from the north and may 
include evaporites. Whereas evidence for folding is mainly 
negative, there will be compaction over basement and bank 
topography, along trends related to early rifting. 
Because of rapid lateral changes in sedimentary facies 
and structure the offshore areas present a challenge for 
imaginative thinking on the part of geologists. Areas of oil 
accumulation may be determined by a variety of conditions rather 
than simple structure. Water depths over the Blake Plateau 
present another type of challenge which should not be insurmount­
able if oil prospects are great enough. 
42. Molnia, B. F. and o. H. Pilkey. 1972. Origin and distribu­
tion of calcareous fines on the Carolina continental shelf. 
Sedimentology 18:293-310. 
The fine carbonate fraction (less than 63µ in diameter) 
in 175 sediment samples collected from the Carolina continental 
margin has been studied. This fraction, generally under 5% of 
the total sample, averages 43% Caco
3
. By comparison, the caco
3 
fraction of the total samples averages only 25%. On the inner 
shelf, the percentage caco3 in the fine fraction is twenty or
more times greater than the percentage caco3 in the total sample.
With increased distance offshore, the percentages of caco3 in
the fine fraction and the total sample approach equality. Be­
yond the shelf break the percentage of caco3 in the total sample
is greater than that in the fines. 
The CaCO3 faunal components are primarily foraminifera,
fragments of foraminifera, mollusc-barnacle fragments and 
echinoid material. Minor constituents include alcyonarian 
and tunicate spicules, Halim da and other calcified green 
algae. Many grains are bored and show solution effects. The 
coarse carbonate fraction shows distinct regional faunal 
assemblages, but the fines are essentially uniformly distributed. 
Two exceptions are a zone of mollusc fragments around Cape 
Hatteras and a foraminifera zone on a portion of the outer shelf. 
1 5 
The average carbonate mineral assemblage consists of 44% low-Mg cal­
cite, 38% aragonite and 18% high-Mg calcite. The principal modes of 
origin of calcareous fines on the Carolina continental margin are 
probably biological and physical destruction of coarser particles 
and primary formation in fine size fraction (as in the case of 
some foraminifera). 
43. Menzies, R. J., 0. H. Pilkey, B. W.
P. Huling, and L. Mccloskey. 1966.
North Carolina. Int. Rev. gesamten
431.
Blackwelder, D. Dexter, 
A submerged reef off 
Hydrobiol. 51(3) :393-
In this paper the salient and obvious features of topog­
raphy, hydrography, geology, biology and submarine photog­
_raphy of an 80-100 meter deep reef-like structure located 
about 70 km off the North Carolina coast are described. 
The data suggest that the reef is located in the warm 
water of the Florida Current and contains a temperate-tropical 
fauna comparable to similar reefs previously described from 
the Gulf of Mexico. The main-reef former appears to be 
Lithothamnion algae associated with calcareous epifauna with 
an age of 19,000 years B. P. The living fauna arranges itself 
according to zones of differing sediment and appears to be 
recent indigenous fauna rather than relict. 
This study is intended to be a report of the existence 
and characteristics of a topographic structure which is worthy 
of considerable added future study by oceanographers. 
44. Luternauer, J. L. and O. H. Pilkey. 1966. Phosphorite
grains: their application to the interpretation of North
Caolina shelf sedimentation. Marine Geol. 5(4) :315-320.
Study of phosphorite grains in North Carolina continental 
shelf, beach, sound, and river sediments reveals that: (1) 
the shelf is an important source of beach sediment, and (2) 
North Carolina shelf cuspate embayments are essentially 
independent entities, in terms of sediment content and trans­
port. 
45. Pilkey, O. H. and J. L. Luternauer. 1967. A North
Carolina shelf phosphate deposit of possible commercial





An elongate, surficial deposit of phosphatic sand has been 
located adjacent to and east of Frying Pan Shoals off Cape Fear, 
North Carolina. The area of highest phosphate concentration is 
about 10 miles long and three to four miles wide and is in 
water depths between 20 to 30 meters. The richest sample ob­
tained contained 40 percent phosphorite grains by count and 
7.78 percent P2O5. Since the observed material is surficial 
the P2O5 values may have been decreased by dilution with
quartz and shell material and increased by winnowing of non­
phosphatic fines. Bottom photos and continuous bottom soundings 
indicate that rock outcrops are present. Dredged rocks from 
the area are friable, obviously weathering, slightly phosphatic 
limestones. It is tentatively concluded that the phosphatic 
sand is derived as a weathering concentrate from the outcropping 
limestone. It is suggested that the thickness of the deposit 
will depend on sub-bottom topography and the length of time 
during which weathering of the limestone has occurred. Further 
prospecting of the area is definitely warranted. Suggested 
procedures for further investigation are given. 
46. Giles, R. T. and 0. H. Pilkey. 1965. Atlantic beach and
dune sediments of the southern United States. J. Sediment.
Petrol. 35 (4): 900-910.
Over 50 pairs of beach and dune samples and 40 river
samples were collected from the North Carolina .outer banks 
to Miami Beach, Florida. Median grain size, sorting, percent 
calcium carbonate and heavy and light mineralogy were deter­
mined. Mineralogical counts were made on the .125-.25 mm 
size fraction only. 
Apparently beach and dune sands are derived both from 
nearby rivers and from preexisting sediment on the adjacent 
shelf. Beach and dune sands contain an unstable assemblage 
of heavy minerals, unlike the assemblage noted in rivers 
draining only coastal plain sediments. The heavy mineral 
assemblage of rivers draining the piedmont is unstable and 
more closely resembles that of beaches and dunes. Regional 
mechanical sorting effects are not of primary importance in 
determining the composition of the heavy mineral suite. 
Grain size of beach and dune sand is controlled mainly 
by wave energy and is finest in Georgia and becomes coarser 
to the north and south. The carbonate content is lowest in 
Georgia sediments and increases strongly to the south and 
slightly to the north. The carbonate content is controlled 
by availability of materials and also by wave energy. The 
most consistent difference between beaches and dunes is the 
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relative abundance of elongate minerals in beach sediments. 
4 7. Gorsline, D. S. 19 6 3. Bottom sediments of the Atlantic shelf 
and slope off the southern United States. J. Geol. 71(4):422-440. 
The submarine geology of the South Atlantic continental shelf 
and slope of the United States has been described using data from 
bottom sediment samples collected aboard the Research Vessel T. N. 
GILL in 1953-54, combined with information from the geologic lit­
erature. Patterns of distribution of sediment types and charac­
teristics show several broad trends. Shelf sediments are mixtures 
of quartz and shell fragments in various proportions with minor 
amounts of phosphorite (probably collophane) and a local concen­
tration of glauconite. 
Off shore, the Gulf Stream has produced a pelagic bottom sedi­
ment composed of foraminiferal and pteropod tests. Locally coral 
'fragments are common downstream from the Florida Straits and zones 
of irregular bottom topography in the inner margins of the Blake 
Plateau indicate probable strong current scour and transport. 
The contemporary deposition is restricted to the zone of 
pelagic sediments, a narrow coastal belt bordering the Georgia-South 
Carolina marsh coast and the nearshore south of Cape Hatteras. 
Mineralogical studies suggest that two provinces are repre­
sented. One of these produces a predominance of epidote in the 
central shelf; the second is one in which staurolite is charac­
teristic of the southern and northern shelf. Minor element con­
tents of the carbonates reflect the high strontium aragonitic 
mollusk fragments on the shelf and the low-magnesium, low-stron­
tium contents of the calcitic pelagic foraminifera. 
Similar sedimentological distributions have been described 
by Niino and Emery (1961) for the China Sea shelf and slope in 
the region of the Kuroshio Current. 
48. Newton, J. G. and 0. H. Pilkey. 1969. 




A topographic chart of the continental margin off the Caro­
linas has been prepared with a contour interval of 100 meters. 
The data are also presented in the form of a block diagram. The 
sounding data were acquired by Duke University's R/V EASTWARD 
during cruises between October 1964 and August 1968. The major 
features of the continental margin in this area include a well 
developed continental slope-continental rise system and the 
northern tip of the Blake Plateau. The Hatteras Outer Ridge is 






ending at the Hatteras Abyssal Plain is the Hatteras canyon sys­
tem which is dendritic in form with 3 main tributaries. 
49. Denison, R. E., H. P. Raveling, and J. T. Rouse. 1967.
Age and descriptions of subsurface basement rocks, Pamlico
and Albemarle Sound areas, North Carolina. Am. Assoc. Pet.
Geol. Bull. 51(2) :268-272.
50. Ewing, J., M. Ewing, and R. Leyden. 1966. Seismic-profiler
survey of Blake Plateau. Am. Assoc. Pet. Geol. Bull. 50(9):
1948-1971.
Continuous seismic-reflection profiles on the Blake
Plateau are correlated with sediment cores, seismic-refraction 
data, and logs of wells on Florida to study the structural 
relations of the Florida peninsula and continental shelf with 
the plateau. Results indicate that the entire Blake-Bahama­
Florida area was the site of shallow-water carbonate deposition 
behind a barrier reef until late in the Mesozoic. Death of the 
reef along the Blake Plateau margin and continued subsidence 
of the entire area created the present submerged plateau. 
Florida nad the Bahama banks continued to build throughout the 
Tertiary and have maintained an elevation near sea-level. 
Four strong reflectors are observed in the plateau sedi­
ments, the deepest apparently representing an interface within 
the Upper Cretaceous and correlating with the t0p of a 4.5 
km/sec. refracting layer. The overlying beds probably are 
composed of bank-derived calcarenite and calcilutite; the 
reflectors correspond to major changes in sediment types or 
rates of deposition. The Tertiary sediments on the plateau 
essentially form a wedge, about 1,200 m. thick on the west 
side and 200-300 m. thick near the escarpment on the east. 
The extension of the Cape Fear arch southward onto the 
plateau apparently diverts and restricts the flow of the Gulf 
Stream. This has resulted in extensive erosion of much of 
the surface of the plateau. In places the erosion has un­
covered beds of Eocene and Paleocene age. The material eroded 
from the plateau by the stream, as well as that which stayed in 
suspension, has been swept off the plateau and has formed 
the Blake-Bahama outer ridge. 
51. Sheridan, R. E., C. L. Drake, J. E. Nafe, and J. Hennion.
1966. Seismic-refraction study of continental margin east
of Florida. Am. Assoc. Pet. Geol. Bull. 50(9) :1972-1991.
Data from 31 seismic-refraction profiles are interpreted
and presented in five structure sections. The subsurface 
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structure east of Florida under the Blake Plateau is similar 
to that of the margin north of Cape Hatteras. Basement plunges 
seaward from Florida into a deep sedimentary trough under the 
Blake Plateau. A basement ridge parallels this north-south­
trending trough on the seaward side, along the eastern edge of 
the plateau. 
The basin under the Blake Plateau was separated from the 
South Florida-Andros Island basin, at least until the Early 
Cretaceaous, by a southeastward extension of the Peninsular 
arch. This seaward extension trends from just east of Cape 
Kennedy to the western end of Little Bahama Bank. 
The marked relief of the Florida shelf, the Florida 
Straits, and the Blake Plateau is evident only in the sedimentary 
layers and is the result of significant changes in thickness 
.of the post-Paleocene section, especially the Eocene. The top 
of the Paleocene extends beneath the present physiographic 
irregularities with slight relief, whereas the Eocene thickness 
ranges from about 500 m. on Florida to about 70 m. on the 
Blake Plateau. Strong currents sweeping the Florida Straits 
and Blake Plateau probably are responsible for the absence of 
a thick post-Paleocene section. The present orientation of 
the Florida Current may have existed as early as Paleocene time. 
Besides the changes in relief within the sedimentary 
section, there are lateral facies changes and velocity variations. 
These variations are primarily dependent on the depth of burial. 
Nearly similar velocity-depth distributions are found for the 
Blake Plateau, the Florida Straits, the Bahama banks, and the 
Florida platform. The variations in thickness of the sediments 
in these areas result in variable velocities in the strati­
graphic units, and correlation of the refraction data is 
difficult. 
52. Antoine, J. W. and V. J. Henry, Jr. 1965. Seismic refrac­
tion study of shallow part of continental shelf off Georgia
coast. Am. Assoc. Pet. Geol. Bull. 49(5) :601-609.
In December, 1962, personnel from Texas A&M University's 
Department of Oceanography and Meteorology and the University 
of Georgia Marine Institute shot nine reversed seismic refraction 
profiles over the shallow part of the continental shelf off the 
Georgia coast. These profiles were located to map refracting 
horizons underlying the submerged coastal plain and to correlate 
with earlier profiles in deeper water farther east shot in 1955 
by groups from Woods Hole Oceanographic Institute and Lamont 





and apparently continuous layers were noted which,based on their 
depth, attitude , and velocity, are concluded to represent: 1) 
a layer a few feet beneath the sea bottom, probably Miocene 
in age; 2) the Oligocene; 3) the early Eocene; and 4) the 
pre-Cretaceous basement surface. Structural contours on the 
Oligocene and Eocene refractors indicate the eastern boundary 
of the Atlantic ernbayrnent of Georgia. This feature was open 
toward the southeast in Oligocene time and toward the south 
in Eocene time. It is concluded also that the layer origi­
nally reported by the Woods Hole Oceanographic Institute to 
represent the Late Cretaceous is Oligocene or late Eocene in 
age. 
53. Pratt, R. M. 1971. Eastward Submarine Canyon and the
shaping of the Blake Nose. Geol. Soc. Arn. Bull. 82(9):
2569-2576.
Eastward Canyon has formed along the north side of the
Blake nose (30°10'N., 760 30'W.) and is part of the east edge 
of the Blake Plateau which lies off the southeast coast of 
the United States. The canyon has a length of about 40 mi 
and a maximum depth of about 500 m from the crest of the north 
side. The south wall of the canyon coincides with the north 
wall of the Blake nose and has a relief of over 2,000 m. The 
erosional processes which formed the canyon and which main­
tain the sharp declivity at the base of the escprpment have 
in effect eroded and shaped the Blake nose. O�litic cal­
carenite with Early Cretaceous algae from the base of the Blake 
nose suggest it formed as a prograding sedimentary feature in 
a shallow-water environment, and may have extended much farther 
to the east before being eroded. 
Eastward Canyon has no extension onto the Blake Plateau 
and no river counterpart on land and therefore must have been 
formed by the deep western boundary undercurrent flowing south 
along the Blake escarpment. The currents might gain considerable 
strength as they are deflected around the Blake nose. The 
extension of stratigraphic reflectors and JOIDES drill core 
dates from the Blake Outer Ridge suggest that present aspects 
of the canyon are largely Pleistocene in age. The lower end 
of the canyon merges into the Blake-Bahama abyssal plain at 
about 5,030 m, which implies that the solution of carbonate 
sediment is an important factor in erosion. Similar erosional 
processes may be important in maintaining the axis of maximum 
depth close to the Blake-Bahama escarpment farther to the 
south. 
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54. Sanders, J. E. and G. M. Friedman. 1969. Position of 
regional carbonate/noncarbonate boundary in nearshore 
sediments along a coast: possible climatic indicator. 
Geol. Soc. Am. BulL 80(9) :1789-1796. 
In Holocene sediments along the Atlantic coast of 
eastern United States, the regional carbonate/noncarbonate 
boundary is located south of Miami, Florida. Study of the 
post-Cretaceous strata underlying the coastal plain and 
continental shelf indicates that this boundary has not 
remained fixed, but has shifted, presumably in response to 
changes of climate. In upper Cretaceous strata the carbonate/ 
noncarbonate boundary lies in central Florida. In Oligocene 
strata this boundary lies north of Cape Hatteras. In Miocene 
and Pliocene strata the carbonate/noncarbonate boundary is 
located at various localities in Georgia and northern Florida • 
. Its movement to successively southward positions coincided 
with the times of cooling climate indicated by paleobotanical, 
paleobiological, and geochemical evidence. 
The carbonate/noncarbonate boundary appears to have 
shifted not only in response to the long-term climatic trends 
during the Tertiary but also in response to shorter term 
climatic fluctuations during the Quaternary. Assuming that 
climate has been the only factor influencing the location of 
this boundary during the Cenozoic Era, then position of the 
boundary enables one to compare Quaternary and pre-Quaternary 
climates. 
Using our analysis of the effects of climate on the 
carbonate/noncarbonate boundary, and accepting the school of 
thought that states that warmest Quaternary climates coincided 
with highest Quaternary sea levels, we would predict that the 
northernmost position of the boundary should be recorded in the 
highest emerged marginal marine deposits of Quaternary age on 
the Atlantic Coastal Plain. Field evidence does not substan­
tiate this prediction. In emerged Quaternary "terraces" the 
northernmostcarbonate/noncarbonate boundary is located at about 
27ON. lat, near its position during Late Cretaceous time. 
This coincidence suggests that during times of maximum Quater­
nary submergence the climate was only slightly warmer than 
it is today. 
A great northward shift of the carbonate/noncarbonate 
boundary did occur at least once during the Quaternary. In­
stead of being on the highest "terrace," however, the resulting 
tropical strandline carbOnate sediments are located near the 
outer edge of the continental shelf. The northern limit of 
these carbonates is Cape Hatteras, near the position of the 













subtropical climate in the Oligocene Epoch. If the northernmost 
position of the carbonate/noncarbonate boundary is a reliable 
indicator of the time of maximum Quaternary warmth, then we 
must conclude that at least one time of great Quaternary warmth 
coincided not with a high sea level, but with a time of low 
sea level. The sea has reached its present level about 13,000 
years after the last climatic peak inferred from the northern­
most position of the carbonate/noncarbonate boundary • 
55. Rooney, T. P. and P. F. Kerr. 1967. Mineralogic nature
and origin of phosphorite, Beaufort County, North Carolina
Geol. Soc. Am. Bull. 78:731-748.
A large Miocene phosphorite deposit on the Atlantic
Coastal Plain in Beaufort County, North Carolina, contains 
estimated reserves of 10 billion tons. The phosphorite zone, 
where examined, is 60 feet thick, and the P2O5 content of the
untreated ore is about 18 per cent. The sediment consists of 
phosphate pellets, sand-sized quartz grains, and clay, with 
thin beds of indurated coquina and phosphatic dolomite. 
The phosphate pellets contain quartz grains, glauconite, 
carbonaceous matter, and organic remains. Although most of 
the pellets are structureless, some show concentric layering 
around a nucleus. 
Chemical, X-ray-diffraction, infrared-spectral, and other 
data demonstrate that the phosphorite mineral is francolite, 
and that co2 is an integral part of the apatite structure. 
The clay fraction of the phosphorite includes montmoril­
lonite, illite and clinoptilolite. The clay minerals and 
zeolite probably originated through alteration of volcanic 
detritus from an undetermined source. 
Studies indicate origin of the phosphorite to have been 
in a shallow marine basin characterized by a reducing environ­
ment, phosphate replacement of calcareous sediments, local 
reworking and alteration of certain of the pellets, and 
coincidence of phosphorite deposition with pyroclastic activity. 
56. Pilkey, O. H. and R. T. Giles. 
the Georgia continental shelf. 
1965. Bottom topography of 
Southeast. Geol. 7(1) :15-18. 
A topographic map of the Georgia continental shelf is 
presented. The shelf is 70 to 80 miles wide and breaks at depths 
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between 50 and 80 meters. The major feature observed is an ill 
defined valley which was probably occupied by the Altamaha River 
during the Pleistocene. 
57. Heron, S. D., Jr. and H. S. Johnson, Jr. 1966. Clay min­
eralogy, stratigraphy, and structural setting of the
Hawthorn Formation, Coosawatchie district, South Carolina.
Southeast. Geol. 7(2) :51-64.
In Jasper and Beaufort Counties, South Carolina, the Miocene 
Hawthorn Formation can be subdivided into phosphatic sand, clayey 
quartz sand, and sandy clay lithologies. A clay unit called the 
Coosawhatchie clay overlies the other units, possibly unconform­
ably. The Coosawhatchie clay or one of the other Hawthorn units 
is overlain by marine Pleistocene sediments. The Hawthorn 
Formation unconformably overlies the Eocene Santee Limestone 
Oligocene Cooper Marl, present updip, is absent in the Coosa­
whatchie district. 
The phosphatic sand of the Hawthorn Formation is mostly 
confined to an east-northeast trending basin herein called the 
Ridgeland Basin. This basin is bounded on the southeast by the 
Beaufort High, in which the Santee Limestone has been uplifted 
a minimum of 80 feet. 
Clay minerals in the Coosawhatchie clay are �ighly montmor­
illonitic with kaolinite and illite in small amounts up to 5 or 
10 percent. Clay size minerals in the Hawthorn units are 
montmorillonite, attapulgite (palgorskite), and sepiolite. 
Clinoptilolite occurs sparingly in one Hawthorn sample. Dolo­
mite or calcite is present in most Hawthorn samples. The 
insoluble residue of one sample from the top foot or so of the 
Santee Limestone contains montmorillonite, illite, and trace 
amounts of kaolinite, the same clay suite as in the Hawthorn 
Formation. Clinoptilolite also was found in one Santee sample. 
The origin of attapulgite and sepiolite is briefly reviewed. 
The presence of clinoptilolite in the South Carolina Hawthorn 
Formation suggests that volcanic ash may have contributed to the 
formation of the attapulgite and sepiolite. Another possibility 
is that the source area may have been a factor in supplying to 
the sea the necessary alumina and silica to form attapulgite and 
sepiolite. Magnesium could come from the normal magnesium 
content of the ocean or from the land. The phosphatic sand and 
the attapulgite-sepiolite probably accumulated under restricted 






58. Colquhoun, D. J. 1966. Geomorphology of river valleys in
the southeastern Atlantic Coastal Plain. Southeast. Geel.
7 (3) :101-109.
Atlantic Coastal Plain rivers in the Southeastern United
States generally do not possess mature valley topography between 
their valley walls and channels although most of them are 
observed flowing close to grade. Aerial photograph mosaic, 
topographic and soil map, oceanographic chart and field surficial 
and subsurficial examination indicates two cycles are operative 
which explain this anomaly, and five stages are present. 
The continental emerged or emerging cycle is the well-known 
Davisian Pluvial geomorphic cycle. It consists of youthful and 
mature stages that are recognized on the basis of landforms, 
lithofacies, soils and, where isolated, paleobiota. The conti­
nental submerged or submerging cycle consists of three stages, 
estuary, marsh and valley head delta. Estuaries form scoured 
surfaces that modify relict valley walls and channels and through 
time are infilled by lateral marsh deposition as well as sea­
ward migration of valley head deltas. 
The two cycles are independent with respect to Neogene, 
Pleistocene and Holocene eustatism. Thus relict stages of the 
merged cycle may lie in juxtaposition to any of the three stages 
of the submerged cycle. Also, any of the three stages of the 
submerged cycle may lie within relict stages of previous sub­
merged cycles, and mature stages of the emerged cycle may lie 
within relict mature stages of previous cycles.· 
Atlantic Coastal Plain river valleys are bounded by flights 
of terr ces, but the terraces are not separate fluvial terraces, 
and they are not necessarily indicative of u�ique base levels 
individually. They are usually interrelated stage landform 
sequences of one or several eustatic fluctuations that are not 
essentially still stands of the sea. 
59. Henry, V. J., Jr. and J. H. Hoyt. 1968.
paralic and shelf sediments of Georgia.
9 (4) :195-214. 
Quaternary 
Southeast. Geel. 
The axiom "the present is the key to the p st" serves 
well in studies of Georgia coastal sediments, particularly 
when supplemented by its corollary "the past is the key to 
the present." The latter philosophy is important because 
Pleistocene deposits ssociated with former high stands of 
the sea have not been transgressed and therefore retain the 
characteris ·c sedimentolo ical and morphological relationships 
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of the modern coast. 
Holocene paralic deposits form a lens 20 to 30 miles wide 
that straddles the shoreline. A maximum sediment thickness of 
more than 100 feet occurs along the shoreline and is associated 
with inlet processes. The recent deposits of fine-to very 
fine-grained sand thin to a featheredge 10 to 15 miles seaward 
in 40 to 50 feet of water. Farther seaward the shelf is covered 
by coarse-grained, relict Pleistocene sediments. Landward of 
the shoreline the sediments are fine-grained barrier sand, and 
mixed sand, silt and clay of the salt marsh-filled lagoons. 
Important features of the salt marsh are the meandering tidal 
channels which rework the sediment. Sand from subjacent barrier 
and mainland sediments is incorporated into the channel deposits. 
Paralic sediments similar to those of the Holocene 
accumulated during high stands of the Pleistocene sea. The "high 
and dry" exposure of the Pleistocene sediments facilitates their 
study in the third dimension. 
60. Pickett, T. E. and R. L. Ingram. 1969.




The following eleven environments of deposition in 
Pamlico Sound are recognized by characteristic lithology: (1) 
barrier island--medium, clean, quartz sand containing a rela­
tively high percentage of heavy mineral grains; (2) central 
basin--dark gray, organic-rich, slightly sandy, shelly mud; (3) 
cross lagoon shoal--very similar to barrier island lithology 
but with slightly smaller average grain size and slightly less 
heavy minerals; (4) finger shoal--clean, fine, very well sorted 
quartz sand; (5) inlet--clean, medium, very shelly quartz sand, 
echinoid spines more abundant than in other environments; (6) 
lagoonal beach--poorly sorted, clean, coarse, quartz sand that 
is more poorly sorted than any other non-muddy sediment in the 
sound, shell fragment and heavy mineral percentages low; (7) 
lagoon near narrows--poorly sorted, slightly muddy sand that is 
the most poorly sorted muddy sediment in the sound, small 
pebbles occasionally present; (8) lagoon near river mouth-­
slightly sandy, dark, s1elly, micaceous organic-rich mud that 
has the greatest percentage of mud of any sediment in the sound; 
(9) mainland marsh-muddy, very fine sand containing a very high
percentage of peaty material; (10) marginal lagoon--variable
lithology; on the barrier island side it is a well sorted,
clean, fine sand similar to barrier island sand but slightly
finer-grained, on the mainland side it is a silty, fine sand







(11) protected mainland embayment--organic-rich, muddy, very fine
sand containing a variable percentage of shell fragments and a
high percentage of wood fragments.
61. Pirkle, W. A.
River, Florida.
1971. The offset course of the St. Johns 
Southeast. Geol. 13(1) :39-59. 
The northward-flowing St. Johns River is the dominant 
river in eastern peninsular Florida. At a point east of 
Sanford, Florida, the river turns toward the west to reach an 
older valley that it follows northward almost to Palatka be­
fore turning to the east to flow again over a younger terrain . 
The course of the river over the older, more westerly surface 
is the St. Johns River Offset. The offset valley probably 
marks part of the course on an ancestral river. Factors be­
lieved to be important in the development of the valley include 
faulting and fracturing, solution of carbonate sediments, and 
favorable structure for artesian discharge. The preservation 
of the offset valley as a major stream course is due primarily 
to the discharge of large quantities of artesian water. Much of 
this discharge is made possible in the northern part of the off­
set area by the relatively permeable nature of the aquiclude and 
in the central and southern areas of the offset by the exposure 
of the aquifer. The nurr.e=ous springs from Lake George southward 
mark sites where the aquifer is exposed or breached. 
62. Johnson, IL S., Jr. and J. R. DuBar. 1964. Geomorphic 
elements of the area between the Cape Fear and Pee Dee 
Rivers, North nd South Carolina. Southeast. Geol. 6(1): 
37-48.
Geomorphic elements of the area between the Cape Fear and 
Pee Dee Rivers are described and interpreted. The sequence of 
events is thought to be: (1) Orangeburg Scarp formed by 
Miocene marine transgression, (2) Duplin Formation deposited 
(Late Miocene), (3) sea retreats, Duplin Formation partially 
stripped back, and alluvial fans built eastward from Orangeburg 
Scarp, (4) sea advances to Surry Scarp, (5) Waccamaw Formation 
deposited, (6) Horry Cape complex formed in slowly falling 
sea ( 11 Penholoway Stage") , ( 7) Wando Bar formed ( 11 Talbot Stage 11) , 
(8) Wampee Cape formed, (9) Green Swamp Lake formed, (10)
Pamlico Formation deposited, (11) Myrtle Beach Bar formed in
slowly f lling sea, (12) Carolina Bays formed, (13) sea retreats
( "Wisconsin Stage") , ( 14) sea returns to present level.
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63. Hunt, C. B. 1967. Physiography of the United States. 
W. H. Freeman and Company, San Francisco, California. 
480 pp. 
64. Ferenczi, I. 1960. Structural control of the North
Carolina Coastal Plain. Southeast. Geol. 1(3) :105-116.
The North Carolina Coastal Plain is not a simple homoclinal
structure. The Great Carolina Ridge is an area of uplift and 
the Hatteras Axis is one [of] subsidence; both are transverse to 
the Appalachian trend. Midway between those two features is the 
Cape Lookout-Neuse Fault Zone, also transverse to the Appala­
chians. Several data in the literature suggest a fourth struc­
tural feature, a to date unnamed fault zone with a trend 
parallel to the Appalachians. As a possible fifth feature, a 
"zone of subterranean disturbances", suggested by Shaler, 1871, 
but not proved to date, is mentioned. In conclusion it is 
suggested that the capes along the present shoreline have been 
controlled by these structural features. 
The basement rock beneath the sedimentary cover has the 
character of peneplained block mountain rather than that of a 
folded mountain chain. 
65. Reichert, S. O. 1960. Case history studies of how geology 
and hydrology influence nuclear reactor site locations in 
Florida. Southeast. Geol. 2(1) :23-41. 
Three different projects concerning site location studies 
for proposed nuclear reactors to be located in different parts 
of Florida are discussed. One project involved a generalized 
and detailed study of the geologic and hydrologic factors of 
importance in evaluating a pre-selected area near Pierce, Fla., 
about 35 miles east of Tampa. A second project involved a 
similar study of the Ft. Pierce area on the lower east coast. 
A third project was to find the most favorable sites, geo­
logically and hydrologically, in the broad area including 
Dixie, Levy, Citrus, and Marion counties. 
Favorable geologic and hydrologic factors influencing the 
safety factors inherent in a given site location were used to 
evaluate the various possible reactor site locations. These 
were: 
1. Quantity and quality of surface and ground water












2. Topography and drainage characteristics.
3. Po?ulation affected in the event of accidental spillage
of radioactive liquids or solids to the ground.
4. Porosity and permeability of the soil and bedrock at
each locality.
5. Downstream hazard in the event of radioactive con­
tamination of surface or ground water.
6. Possible protection the soils may afford toward radio­
active decontamination due to their clay content.
7. Radioactive dilution potential of surface and ground
water in each area.
Several areas in Citrus and Levy counties are identified as 
having the most favorable geologic and hydrologic character­
istics from the standpoint of safety. To these advantages, 
engineering and economic factors were added to give an over­
all rating in each general area. 
66. Mann, V. I. 1962. Bouguer gravity map of North Carolina.
Southeast. Geol. 3(4) :207-220.
A Bouguer gravity map of North Carolina (d = 2.67) is pre­
sented from the data collected from 4,000 gravity stations in 
the State. In the Piedmont and Mountain portions of the State, 
some correlation between Bouguer values and rock types may be 
readily observed; however in the Coastal Plain, important Bou­
guer ch nges appear to be caused by subsurface rock variations. 
The general pattern for the State of North Carolina shows strong 
negative values in both the east and west portions, with a 
persistent positive zone in the central Piedmont. Local varia­
tions from this general Bouguer pattern are discussed briefly 
for each physiographic province. 
67. LeGr nd, II. E. 1964. Hydrogeologic framework of the Gulf
and Atlantic Coastal Plain. Southeast. Geol. 5(4) :177-194.
The Gulf and Atlantic Coastal Plain of the United States is
underlain by an immense prism of Mesozoic and Cenozoic deposits 
that form a ground w ter system which is simple in general terms 
but complex in detail. Sand and limestone aquifers and alter­














ideally suited to the occurrence of artesian water. 
The shallow subsurface part of the Coastal Plain contains 
in aggregate many thousands of cubic miles of fresh water in 
transient storage. A much greater volume of salty water in 
quas�-perman�nt storage underlies the fresh water as a wedge that 
thickens coastward. Except in southwest Texas, where the climate 
is not humid, most ground water recharge is short-circuited to 
effluent stream valleys through the water table and uppermost 
artesian aquifers. 
By applying hydrologic principles to pertinent features of 
topography, geologic structure, lithology, and geologic histcry, 
it is possible to develop hydrogeologic classifications of the 
Coastal Plain that are useful. A new interest in systematics 
is leading to improved extrapolation and better understanding of 
the hydrology. 
A water table aquifer and at least one artesian aquifer are 
present almost everywhere. The Coastal Plain has more immediate 
potential for ground water develJpment than any other province 
of comparable size in the Western Hemisphere. 
68. Glover, R. E. 1959. The pattern of fresh-water flow in a
coastal aquifer. J. Geophys. Res. 64(4) :457-459.
Formulas are developed for the flow pattern followed by the
seaward-moving fresh ground water as it nears a beach. It is 
found that, under steady flow conditions, a sharply defined 
interface is formed between the fresh and salt water. Along 
the interface the pressure of the static salt water, owing to 
its greater density, is counterbalanced by the pressures which 
drive the fresh water seaward. The fresh water escapes through 
a gap between this interface and the shore line. An increase 
in the flow of fresh water widens the gap. Tidal action causes 
a diffusion of salt water across the interface. This salt is 
carried back to sea with the fresh-water flow. 
69. Hersey, J. B., E. T. Bunce, R. F. Wyrick, and F. T. Dietz.
1959. Geophysical investigation of the continental margin
between Cape Henry, Virginia and Jacksonville, Florida.
Geol. Soc. Am. Bull. 70(4) :437-465.
Forty seismic-refraction and reflection profiles on the
eastern continental shelf and adjacent deep-water areas of the 




01° 10 1 W. Long. trace the transition from deep-oceanic to 
continental-type structures. The transitional area divides 
naturally into three parts: the continental shelf, the 
Blake Plateau, and the adjoining deep-water area. 
The results on the continental shelf are correlated with 
adjacent continental geology. The deepest horizon traced along 
the shelf is interpreted as granitic basement, which has com­
pressional velocities of 5.82-6.1 km/sec. At the southern 
extremity it is at a depth of 6 km, shoals to 0.86 km near 
Cape Fear, and deepens north of Cape Hatteras to more than 3 km. 
North of Charleston, South Carolina, there is excellent depth 
correlation with granitic basement in coastal wells; to the 
south all deep wells are inland. Age correlations are based 
on well data near the coast, which indicate to us that most of 
the observed section is Cretaceous. 
On the Blake Plateau, several layers (1.83-4.5 km/sec.) 
are interpreted as sedimentary. A 5.5-km/sec. layer is found 
only south of a line from 30 °30'N., 790w. to Cape Canaveral. 
Velocities higher than 5.5 km/sec. have been measured on six 
profiles on the Blake Plateau. The 5.5-km/sec. layer and a 
6.2-km/sec. layer appear to form a positive feature to the 
south of the above-mentioned line. Higher velocities, 8.0 
km/sec. and 7.28 and 7.3 km/sec., which are probably not the 
same horizon, are found at markedly different depths. Possibly 
these represent the M layer and ultrabasic material, depending 
on relations not now known. 
The deep-water area is a continental slope and rise modified 
by the Blake Plateau and by a ridge trending southeastward from 
Cape Fear and deepening from about the 1500-fathom contour to 
more than 2000 fathoms (3657 m). The ridge is underlain by 
thick low-velocity layers (1.83-2.96 km/sec.), interpreted as 
sediments, and higher-velocity layers which form a distinct 
linear structure having the same general trend as the ridge. 
At its northwestern end this trend terminates against a thick 
lower-velocity section interpreted as a sediment-filled trough. 
South of the ridge profiles are similar to those of the ocean 
basins. Excellent seismic-refraction evidence of faulting 
indicates subsidence of the ridge relative to its surroundings. 
A hypothesis interprets the ridge as a former chain of islands 
and reefs on a structural trend colinear with the Cape Fear 
Arch. 
The structural pattern formed by the Piedmont crystallines 
and the Peninsular Arch of Florida and the Cape Fear Arch 
and the ridge resembles that formed by the Japanese archipelago, 
the Ryukyus, and the onin ridge. The pattern of the trough of 
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the Blake Plateau and the deep-water area is somewhat similar to 
such modern features as Exuma Sound and the Tongue of the Ocean 
in the Bahamas. Such comparisons should not be regarded as 
strictly homologous but are suggested as possibly reflecting 
similarities in deep-lying tectonic activity. Similarly it would 
seem fruitful to consider similarities of deep structure beneath 
isolated seamounts, chains of seamounts, submerged ridges, island 
arcs, and mature mountain ranges. 
70. Newton, J. G., o. H. Pilkey, and J. 0. Blanton. 1971. An 
oceanographic atlas of the Carolina Continental Margin.
North Carolina Board of Science & Technology, National
Science Foundation, and U. S. Geological Survey. North
Carolina Dept. of Conservation and Development, Raleigh.
60 pp.
71. Belding, H. F. and W. C. Holland.
eastern continental margin, U.S.A.
of Cape Hatteras. Arn. Assoc. Pet.
Tulsa, Oklahoma. 1 p.
1970. Bathyrnetric maps, 
--Atlantic Ocean south 
Geol. Map series No. 2, 
72. Zietz, I. 1971. Eastern continental margin. of the United 
States. Part 1: a magnetic study. Pages 293-310 in A. E. 
Maxwell, ed. The sea: ideas and observations on progress 
in the study of the seas. Vol. 4, Part II. John Wiley & 
Sons, Inc., New York. 
73. Langfelder, L. J. 1971. Coastal erosion in North Carolina. 
Pages 24-31 in Coastal processes and shore protection. 
Seminar proceedings, held in Wilmington, N. c., March 12-
13, 1970. Sponsored by N. C. State Univ. Coastal Research 
Program, Raleigh. Coastal Plains Center for Marine Develop­
ment Services, Seminar Series No. 1, Wilmington, N. C. 
74. Hawkins, L. K. 1969. Visual observations of manganese
deposits on the Blake Plateau. J. Geophys. Res. 74(28) :7009-
7017.
Visual observations of manganese deposits on the Blake 




manganese as nodules, slabs, or pavement may be related to 
localized environmental conditions. Manganese is concentrated at 
the crests of sand waves and, in areas of gentle slope, grades 
locally from nodules to solid pavement. 
75. Charm, W. B., W. D. Nesteroff, ands. Valdes. 1969. De­
tailed stratigraphic description of the JOIDES cores on the
continental margin off Florida. U. s. Geol. Surv. Prof.
Pap. 581-D, pp. Dl-O13.
A total of 513 meters of core was recovered from six 
holes drilled in o the continental shelf, the Florida-Hatteras 
Slope, and the Blake Plateau off the east coast of Florida. 
From every 76 centimeters of core, a sample was taken for 
petrologic examination and for determination of the calcium 
carbonate and the percent coarser than 62 microns. 
Limestones, sands, silts, and clays, presumably of shallow­
water origin, make up the Eocene and younger sediments that 
lie beneath the con inental shelf east of Jacksonville, Fla. 
The upper Eocene and Oligocene sediments thicken slightly 
toward the edge of the shelf. 
Alternating layers of clay and limestone were deposited 
on the Florida-Hatteras Slope during the Eocene and Oligocene 
Epochs. Since the iocene ( iocene sediments are absent), 
they have b en covered y a  clay that grades upward into a 
sand. 
Foraminiferal oozes and silts have prevailed since the 
Eocene on the Blcke Plateau. 
76. Stone, I. C., Jr. an F. R. Siegel. 1969. Distribution
and rov nunce of minerals from continental shelf sedi­
ment off the South Carolina coast. J. Sediment. Petrol.
39 (1): 276-296.
The l eav_ mineral suites of continental shelf sediments 
off th c ast of South Carolina in the area of 32°30'N latitude, 
79° 50'\ longitude, nd of sediments from James Island, South 
Caroli a, are .omi ated by epidote, hornblende, and opaque 
mineraL (ilmenite, hematit , magnetite, phosphorite); and 
significant amou.ts of garnet (almandite), sillimanite, stauro­
lite, tou n line (schorli·e), acti olite, nd kyanite are 
p esent. T.is s ite of min rals has been ultimately derived 
from metamorphic roe s of he Piedmont Province, but at least a 
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part of the suite has resided temporarily in Coastal Plain 
sediments. Rounded, polished phosporite nodules present in the 
opaque group have been derived from existing shore deposits, 
although the ultimate source is believed to be Miocene sediments. 
No evidence was found to indicate a contribution from existing 
continental shelf sediments. The light mineral fraction (speci­
fic gravity less than 2.8) is composed mainly of quartz and 
carbonate detritus (greater than 95 percent), and includes about 
5 percent potash feldspars and plagioclase feldspars. Clay 
size fractions composed of kaolinite, illite, and mont­
morillonite were present in quantities less than one percent 
in the shore (James Island) and nearshore samples. No clay 
minerals were found in offshore samples; this is attributed to 
the "scrubbing" action of the marine currents reported to be 
active in the area. 
77. Pratt, R. M. 1968. Atlantic continental shelf and slope 
of the United States--physiography and sediments of the 
deep-sea basin. U. S. Geol. Surv. Prof. Pap. 529-B, pp. 
Bl-B44. 
The major topographic features, or provinces, beyond 
the continental slope off the Atlantic coast of the United 
States are (1) Sohm Plain, (2) Hatteras Plain, (3) Nares 
Plain, (4) Blake Basin, (5) Blake Plateau-Bahama Banks, and 
(6) Bermuda Rise. The whole of the described area is commonly 
referred to as the North American Basin. This Basin is bounded 
on the north by Newfoundland Ridge and on the south by Puerto 
Rico Trench. Topographic features of note within the basin 
are the divide and the area of depressions between Solun and 
Hatteras Plains, the sharply crested Blake Ridge, and the 
Puerto Rico Ridge. 
Recently accumulated data on deep-sea cores has given 
good evidence that the silt and sand covering the abyssal 
plains are displaced continental sediments in a virtually 
quartz-free oceanic environment. These sediments were deposited 
on a primary volcanic bottom. The primary or volcanic bottom 
is characterized by abyssal hills and seamounts, and the sediment 
bottom is characterized by abyssal plains, which extend seaward 
from the continental margins. The picture that has evolved from 
the study of topography and sediments off the east coast of the 
United States is one of eastward transport and deposition of 
terrigenous sediments on and around primary abyssal hill and 
seamount topography of the sea floor. 
Because the ocean basin is a vast basin of sedimentation, 









features should be considered as constructional landforms in 
marked contrast to the surface of the continents where erosional 
factors are most important in molding the landscape. Types of 
sediments entering the marine environment, therefore, and various 
processes of sedimentation are important in the formation of the 
topography of the ocean floor. 
Three main types of sedimentary environment are found along 
the continental margin of the east coast: glacial in the north, 
terrigenous in the Middle Atlantic area, and carbonate in the 
south. These sediment distribution patterns can also be traced 
into the deep-sea basins even to their most seaward extension. 
The glacial sedimentary distribution pattern was caused 
by Pleistocene glaciation in the northern part of the region. 
Eustatically lowered sea levels resulted in accelerated erosion 
and in the distribution of sediment directly into the ocean 
basins. Sediment was also distributed into the ocean by glacial 
outwash and ice rafting . 
Terrigenous sediments have filled the marginal ocean basins 
off the middle part of the east coast and have spread out across 
the abyssal plains; they have been transported largely through 
the mechanism of turbidity currents. They form a graded system 
extending from the continental slope seaward to the limits of 
the abyssal plains. Submarine canyons are part of the system 
and serve the important function of channeling the sedimentary 
material from the continental platform into the ocean basins. 
The fill of terrigenous sediment extends all the way to the 
southern arm of the Sohm Plain between Bermuda and the Mid-
A lantic Ridge, where the Sohm Plain is very flat and consists 
of terrigenous clay and silt. The Nares Plain receives terrig­
enous sediment through Verna Gap from the I�tteras Plain. 
The Blake Plateau and Bahama Banks to the south are a 
carbonate province characterized by very thick accumulations of 
limestone and Recent calcareous sediment. Accretion of the 
carbonate d posits into steep-sided banks and limited sediment 
distri ution into th adjacent deep-sea basins have resulted in 
escar men s hat fo·m sharp boundaries with the adjacent marginal 
deeps. 
Sediment distribut'on has also been influenced by various 
ocean curr nts . 
The terrigenous and 
sedimen ry f'll of wha 
e st-coast geosyncline. 
rbon te sedirn nts are part of the 
is refer.r d to by some workers as the 
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78. Meisburger, E. P. and D. B. Duane. 1969. Shallow struc­
tural characteristics of Florida Atlantic shelf as revealed
by seismic reflection profiles. Gulf Coast Assoc. Geol.
Soc. Trans. 19:207-215.
A sand resources survey off eastern Florida in 1965-66 by 
the U. S. Army Corps of Engineers' Coastal Engineering Research 
Center (CERC) resulted in the collection of 2,600 miles of 
seismic reflection profiles. With a penetration depth range of 
0 to -500 feet MLW the profiles extend from nearshore (approx­
imately 15-foot water depth) to a distance of 15 miles offshore. 
The records show several prominent acoustic reflecting 
horizons at shallow depth which can be traced over large 
areas of the nearshore continental shelf off east Florida. 
These areally extensive reflectors indicate some shallow 
structural features beneath the shelf surface; tentative 
stratigraphic correlations have been made in some cases with 
logged wells onshore. 
In the section revealed by CERC reflection records the 
dominant structural feature is an almost universal eastward 
dip of strata. Below about -100 to -200 feet MLW broad low 
relief undulations are common and appear to be of structural 
origin. Shallower subbottom strata are characterized by 
internal bedding features, erosional surfaces and a generally 
gentler eastward dip than the deeper section. The records 
show little apparent evidence of faulting with vertical 
displacement. 
Subbottom acoustic horizons on the CERC records are 
judged to represent a stratigraphic range from Eocene to 
Recent. Erosional surfaces and shallow water bedform features 
in the uppermost section are interpreted as resulting from 
Pleistocene sea level fluctuations. 
79. Dowling, J. J. 1968. 
periment, II. Seismic 
tinental shelf between 
Seismological Soc. Am. 
The East Coast Onshore-Offshore Ex­
refraction measurements on the con­
Cape Hatteras and Cape Fear. 
Bull. 58(3) :821-834. 
During the East Coast Onshore-Offshore Experiment (ECOOE) 
two lines of instrumented buoys were anchored on the continental 
shelf between Cape Hatteras and Cape Fear. One line extended 
from near shore to the 100 fathom depth contour. The other line 
was parallel to and near the 100 fathom depth contour. Shots 










lines. From the refraction data obtained and well-control 
available, crystalline basement is correlated with a layer 
of velocity 5.96 km/sec, the top of the Lower Cretaceous with 
a layer of velocity 3.54 km/sec and the top of the Upper 
Cretaceous with a layer of 2.44 km/sec. A contour map of the 
depth to crystalline basement under the shelf and structure 
sections are presented. The statistical uncertainties in the 
depths and velocities were determined . 
80. Gerard, R. 1966. Stratigraphic drilling on the continental
shelf and Blake Plateau east of Florida. Pages 130-131 in
A. P. Vinogr dov, ed. Second International Oceanographic­
Congress. .bstracts of Papers, USSR Academy of Sciences.
Publishing House "Nauka," Moscow. (abst.)
Recent offshore drilling and coring operations off the
southeast coast of the United States are reported. The author 
served as chief scientist and project supervisor for the 
J.O.I.D.E.S. group, comprised of four American oceanographic 
institutions. Six holes were drilled from the motor vessel 
CALDRILL I in April and May 1965 across the continental shelf, 
slope and Bl ke Plateau east of Jacksonville, Florida. Water 
depths at the drill sites ranged from 25 to 1,032 meters and 
penetrations into the bottom from 120 to 320 meters. Con­
tinuous coring was attempted at most of the sites using a 
wire-line core barrel inside the drill tubing. A total of 
1,433 meters of coring was attempted, and core'recovery averaged 
36% o erall. Best recovery (46%) occurred in the soft formations 
of silt and clay, whereas poorest recovery (22%) was in hard 
layers of chert nd dolomite. A generalized stratigraphic cross­
section, drawn from the coring results, shows that most of the 
Tertiary column was sampl d, revealing the continental margin as 
a wedgeshaped constructional feature thinning seaward. 
81. eiheisel, J. nd C. E. Weaver. 1967. Transport and deposi­
tion of cl mi e ls southeastern United States. J. Sedi­
ment. etrol. 37( ) :1084-1116. 
n he sou heastern Uni ed States, k olinite is the dominant 
clay mineral nd hornblende the dominant heavy mineral in the 
Piedmont Province. ontmorillonite is the major clay mineral in 
he Co tal Plain. Only minor amounts of hornblende are found 
in th's la er provinc . llite is the domin n clay mineral in 
the Continental Shelf sediments off the coast of this area. 
Ri ers draining the two con inental source areas c rry diagnostic 
suites of sediments. 
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In the rivers and estuaries, the ratio kaolinite/ 
montmorillonite serves to identify the relative proportion of 
clay size sediment derived from the two source areas. Hornblende 
can be used to follow the dispersal of sand-size materials. 
Illite can be used to determine the off-shore contribution to 
the estuaries. 
Much of the sediments in Port Royal Sound, fed only by 
small Coastal Plain rivers, is carried in from the Continental 
Shelf by flood tides. The distribution of the various minerals 
suggests that Coriolis force is a major factor in determining 
the dispersal pattern in this estuary and in Charleston Harbor. 
Both bottom and suspended sediments from Charleston Harbor 
and vicinity were studied. This information was used in con­
junction with salinity and velocity data to determine the source 
of the sediment and the circulation and depositional pattern 
·inside and outside the harbor. This study shows the effects of
partially diverting a major Piedmont River (Santee) into a harbor
which was formerly entirely within a Coastal Plain drainage basin.
A study of Brunswick Harbor, which is situated within a 
Coastal Plain drainage basin, showed that it obtains much of its 
sediment from a Piedmont River (Altamaha) via a salt marsh stream 
running parallel to the coast. 
82. Zietz, I., P. T. Taylor, and L. S. Dennis. 1968. Geologic
implications of aeromagnetic data for the eastern continen­
tal margin of the United States. Page 283 in Ocean sciences
& engineering of the Atlantic Shelf. SymposTum transac­
tions. Held in Philadelphia, Penn., March 19-20, 1968.
Sponsored by Marine Technology Society, Delaware Valley
Section. (abst.)
An aeromagnetic survey extending from the Gulf of Maine to
the tip of Florida was conducted by the U. S. Naval Oceanographic 
Office between 1964 and 1966. Flight traverses were flown in a 
northwesterly direction at right angles to the geologic grain. 
The flight lines were approximately 800 km long and had an 8 km 
separation. The survey traversed part of the Piedmont, Coastal 
Plain and New England geologic provinces and extended some 320 
km beyond the continental shelf into the Atlantic Ocean. Despite 
the wide flight line spacing, numerous geological and structural 
features become apparent from this survey. Interpretation of 
these features was aided by using the available gravity and 






The residual aeromagnetic map indicates that there is a 
continuous magnetic high located on or near the continental 
slope and extending across the survey area. At about the 
36th parallel, this east coast magnetic anomaly bifurcates 
and both branches parallel the 850 fathom contour. At the 
31st parallel the inner branch of the anomaly swings west-
ward, in a circular fashion and crosses the coastline near 
Brunswick, Georgia. South of the 31st parallel the continental 
slope is not paralleled by a magnetic anomaly. It is considered 
possible that this continuous magnetic anomaly results from an 
igneous intrusion which parallels the edge of the Pre-Paleozoic 
continental land mass. These magnetic data suggest that Florida 
and parts o Georgia were added to the paleo-continent in Pre­
Paleozoic time . 
Landward from the east coast anomaly the magnetic field 
is quite variable, whereas oceanward the magnetic field has 
an extremely small gradient. The absence of magnetic anomalies 
east of the continental slope suggests that in this region 
layer 2 may be composed of metamorphosed basalt. 
The characteristic magnetic patterns observed over the 
Piedmont and Jew England geologic provinces extend oceanward 
to the east coast anomaly . 
. 83. Heezen, B. C. and R. E. Sheridan. 1966. Lower Cretaceous 
rocks ( ocomian-Albian) dredged from Blake Escarpment. 
sc· nee 154(3757) :1644-1647. 
lg 1 c le renites, Neocomian to Aptian in age, dredged 
from 3000- to 5000-Me er depth on Blake Escarpment, are the 
oldest rocks yet obtained from deep-sea outcrops. Five 
thousand meters o� post-Aptian subsidence of the Blake Plateau 
is thus established. Aptian-Albian calcilutites obtained 
from depth of less than 3000 meters mark the establishment 
of an offshore environment. 
84. ilkey, 0. H. nd J. L. Luternauer. 1967. North Carolina's 
Frying an phosphate sc ds. Geomarine Technology 3(1) :24-25 . 
85. Anonymous. 1966. Undersea phosphates. 
(24):27.
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86. Watkins, J. S. and W. H. Geddes. 1965. Magnetic anomaly 
and possible orogenic significance of geologic structure 
of the Atlantic shelf. J. Geophys. Res. 70(6) :1357-1361.
The Atlantic Shelf magnetic anomaly is a linear anomaly 
near the edge of the continental shelf. It extends from 
Argentia, Newfoundland, to Jacksonville, Florida. The anomaly 
is apparently continuous except near latitude 40°N, where it
is disrupted by an inferred transcurrent fault. Where observed, 
it ranges in width from 30 to 80 km and in amplitude from 150 
to 600 y. The peak of the anomaly lies over or on the shore­
ward flank of a basement ridge in three areas where seismic 
refraction and aeromagnetic traverses nearly coincide. 
Geophysical data suggest that the basement ridge is a buried, 
quiescent island arc and that the magnetic anomaly is caused 
by intrusive and extrusive rocks emplaced during an earlier, 
more tectonically active phase in the development of the arc. 
87. Maher, J. C. 1966. Atlantic offers oil promise. Oil 
and Gas J. 64(30) :246-252. 
88. Anonymous. 1965. Mobil to drill deepest test off North 
Carolina coast. Oil and Gas J. 63(23) :74. 
89. Murray, G. E. 1961. Geology of the Atlantic and Gulf 
Coastal Province of North America. Harper & Brothers, 
New York. 692 pp. 
90. Pilkey, O. H. and D. Frankenberg. 1964. The relict­
Recent sediment boundary on the Georgia continental shelf.
Georgia Acad. Science Bull. 22(1) :37-40.
91. Zeigler, J. M. 1959. Origin of the sea islands of the 
southeastern United States. Geograph. Rev. 49:222-237. 
Three kinds of islands making up the sea island coast were 
recognized: remnants of the mainland, marsh islands and beach 
ridge islands. The erosion remnant islands and beach ridge 
islands are separated from the mainland by a wide band of marsh 
and creeks. It was speculated that the low area, now marsh­









92. Pevear, D. R. and O. H. Pilkey. 1966. Phosphorite in
Georgia continental shelf sediments. Geol. Soc. Arn. Bull.
77:849-858.
Rounded, polished phosphorite sand grains in Georgia
continental shelf, beach, and estuarine sediments average 1 per 
cent of the total sediment. An amber and a black variety are 
present everywhere except in estuaries where only the black 
is present. The black color is due primarily to inclusions of 
pyrite and carbonaceous matter. The lack of amber grains in 
estuaries may reflect reducing conditions favoring pyrite for­
mation. The phosphorite and quartz fractions of most samples 
are similar in size. This plus the high polish on phosphorite 
grains (which tumbling-barrel experiments show can be due to 
abrasion) indicate a probable detrital origin of the phosphorite. 
Shelf phosphorite must have been derived from Pleistocene 
river sources or outcropping phosphate-rich ancient sediments 
on the shelf, for present-day rivers are not carrying this 
material. The presence of phosphorite in beaches and estuaries 
indicates that much of these sands are derived by landward 
transport of sediments from the continental shelf. 
93. Swift, D. J. P. 1971. Ridge and swale topography of the
central and southern Atlantic shelf: a status report. Geol.
Soc. Am., Annual eetings, Washington, D •. C. Abstracts
with Programs, p. 727. (abst.)
An interpretation of the ridge and swale topography of the
central nd southern Atlantic shelf is a prerequisite to an 
analysis of the extent and character of the Holocene trans­
gression's modification of this surface. Despite excellent 
1 rge scale surveys of the shelf, this topography and the 
sediment into which it is impressed is still poorly known; 
however, "monographic highs'' or local areas of intensive study 
are emerging . 
The ridg s have been interpreted as relict subaerial 
drain ge divides and cuest s, relict pleistocene barrier 
systems, relict early Holocene barrier systems, relict early 
Holocene inner shelf shoals, and modern large-scale, storm 
generated longitudinal bed forms. Individual x mples of most 
of these g neses plus cases of multiple origin can be documented, 
yet the similarity of the ridges from region to region suggests 
that a single origin may be dom·nant. 
orth-moving storms pile masses of water against this 
coast, nd mov then south. In the middle Atlantic Biqht, 
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bottom drifters indicate a southwest movement of bottom water 
parallel to the ridges. Locally there is topographic and 
textural evidence of movement of sediment southwest through the 
ridge systems. However if the ridges are circulating sand cells 
of the Van Veen type, then net sediment movement may be very 
slow, and the question of "significant transport" will depend 
on the time constant adopted. 
94. Hails, J. R. and J. H. Hoyt. 1972. The nature and occur­
rence of heavy minerals in Pleistocene and Holocene sedi­
ments of the lower Georgia Coastal Plain. J. Sediment.
Petrol. 42(3) :646-666.
The lower Georgia Coastal Plain consists of six Pleistocene
barrier island coastlines. Each barrier sequence can be sub-
·divided into lagoon-salt marsh and barrier island facies. The 
former include estuary and tidal channel sediments, whereas the 
barrier island facies include dune, littoral and offshore channel 
deposits. Thus, each barrier sequence constitutes a formation. 
The Georgia Sea Islands bordering the mainland are, for the most 
part, Holocene in age. 
The Pleistocene deposits are deeply podsolized in marked 
contrast to the poorly developed soil profiles in the Holocene 
sediments. Analysis of the heavy mineral fraction of samples 
from the Pleistocene Formations shows that, despite pedogenesis 
and diagenesis, there is no apparent relationship 'between depth 
of weathering and occurrence of minerals. Distinctive constitu­
ents of the Pleistocene barrier island deposits in order of 
percentage occurrence are sillimanite, staurolite, kyanite, 
epidote, hornblende, garnet, andalusite and zoisite--a medium 
to high grade metamorphic suite. Two heavy mineral provinces 
can be distinguished, based primarily on the epidote and green 
hornblende content of the Pleistocene and Holocene sediments. 
These are a Holocene beach province, fairly high in both epidote 
and green hornblende, and a Pleistocene province low in both 
minerals. These two provinces are also distinctive with regard 
to the amount of sillimanite which is far more abundant in 
Pleistocene, than in Holocene sands. 
Corroborative evidence has been found in respect of a number 
of conclusions reached by previous workers. The principal con­
clusion is that the heavy minerals of the Georgia Coastal Plain 







95. Stone, I. C., Jr. and F. R. Siegel. 1967. Geochemistry 
and distribution of heavy minerals of continental shelf 
sediments off the South Carolina coast. Geel. Soc. Am. 
Annual Meeting, New Orleans, La. (abst.) 
Heavy-mineral suites of continental shelf sediments off the 
coast of South Carolina in the area of lat. 32°30' ., long. 
79°so•w., and of sediments from James Island, South Carolina,
are dominated by epidote, hornblende, and opaque minerals 
(ilmenite, hematite, magnetite); lesser but significant amounts 
of almandite, sillimanite, staurolite, tourmaline, actinolite, 
and hyanite are present. This assemblage of minerals has been 
derived ultimately from metamorphic rocks of the Piedmont 
province, but at least a part has resided temporarily in Coastal 
Plain sediments. 
Notable geochemical trends, undetected by bulk sample 
analysis, �ere revealed when heavy-mineral fractions were 
analyzed. An eastern trend is characterized by relatively 
high SiO2, 12O�, and the hornblende contents. South of
this trend, sediments are characterized by relatively low total 
Fe and Ti and high heavy-mineral contents; the low values are 
due to dilution of heavy-mineral fractions by phosphorite 
nodules which are also responsible for high opaque-mineral 
percentages. Inclusions of organic matter and Fe+2 minerals
in the nodules result in high Fe+2/Fe+3 ratios (> 3 :1) in the
sediments, but do not affect the Fe/Ti ratios which remain 
fairly constant (about 2 :1). Fe and Mn are covariant in 
samples with little or no phosphorite, but covariance is inverse 
if phosphorite contribution is high. The phosphorite nodules 
ha e been derived from existing shore deposits, but the ultimate 
source is Coast 1 Plain iiocene sediments. 
Geochemical studies of marine sediments should be made 
on individual ractions (and minerals) if the elemental 
distributions and regional differences are to be meaningful. 
96. Eardley, A. J.
(2nd edition).
1962. Structural geology of orth America. 
Harper & Row, ew York. 74 3 pp . 
97. her, J. C. and E. R. Applin. 1971. Geologic framework
and petroleum potenti 1 of the Atlantic Coastal Plain and
Continent 1 Shelf. U. s. Geel. Surv. Pro . Pap. 659. 98 pp.
The Atlantic Coastal Plain and Contin ntal Shelf of orth 
America is rep esent d by belt of esozoic and enozoic rocks, 
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150 to 285 miles wide and 2,400 miles long, extending from south­
ern Florida to the Grand Banks of Newfoundland. This belt of 
Mesozoic and Cenozoic rocks encompasses an area of about 400,000 
to 450,000 square miles, more than three-fourths of which is 
covered by the Atlantic Ocean. The volume of Mesozoic and 
Cenozoic rocks beneath the Atlantic Coastal Plain and Continental 
Shelf exceeds 450,000 cubic miles, perhaps by a considerable 
amount. More than one-half of this is far enough seaward to 
contain marine source rocks in sufficient proportion to attract 
exploration for oil. A larger fraction, perhaps three-quarters 
of the volume, may be of interest in exploration for gas. 
The Coastal Plain consists of land between the crystalline 
rocks of the Piedmont province of the Appalachian Mountain 
System and mean low tide from southern Florida to the tip of 
Long Island plus a few small offshore islands and Cape Cod. 
This is an area of more than 100,000 square miles. 
The continental shelf extends from mean low tide to the 
break marking the beginning of the continental rise, which is 
somewhat less than 600 feet in depth at most places. It is a 
gently sloping platform, about 350,000 square miles in area, 
that widens from less than 3 miles off southern Florida to about 
285 miles off Newfoundland. 
The Blake Plateau occupies an area of about 70,000 square 
miles between the 500- and 5,000-foot bottom contours from the 
vicinity of Cape Hatteras to the northernmost bank of the 
Bahamas. It has a gentle slope with only minor irregularities 
and scattered patches of Holocene sediments. 
Gravity and magnetic anomalies along the Atlantic coast 
primarily reflect compositional differences in the earth's crust 
at great depths, but they are also related to some extent to the 
structure and composition of the Coastal Plain sedimentary rocks 
and shallow basement. Four alternating belts of predominantly 
positive and predominantly negative Bouguer gravity anomalies 
extend diagonally across the region from southwest to northeast. 
These correspond roughly with the continental rise and slope, 
the continental shelf and Coastal Plain, the Appalachian 
Mountain System front, and the Piedmont Plateau-Blue Ridge­
Appalachian Basin region. 
Long, linear, northeastward-trending magnetic anomalies 
roughly parallel the Appalachian Mountain System and the edge 
of the continental shelf. These trends are interrupted along 
the 40th parallel, about 50 miles south of New York, by a 
linear anomaly, suggesting a transcurrent fault, more or less 
alined [sic] with a string of seamounts extending down the 











the Appalachians terminate in Florida against a southeasterly 
magnetic trend thought by some to represent an extension of the 
Ouachita Mountain System. One large anomaly, known as the slope 
anomaly, parallels the edge of the continental shelf north of 
Cape Fear and seemingly represents the basement ridge located 
previously by seismic methods. 
Structural contours on the basement rocks, as drawn from 
outcrops, wells, and seismic data, parallel the Appalachian 
Mountains except in North and South Carolina, where they bulge 
seaward around the Cape Fear arch, and in Florida, where the 
deeper contours follow the peninsula. The basement surface is 
relatively smooth and dips seaward at rates ranging from 10 
feet per mile inland to as much as 120 feet per mile near the 
ocean. A decided steepening of the slope is apparent below a 
depth of 5,000 feet in most of the area. The principal struc­
tural features are the Southwest Georgia embayment, South 
Florida embayment, Peninsular arch, Bahama uplift, Southeast 
Georgia embayment, Cape Fear arch, Salisbury embayment, Blake 
Plateau trough, Baltimore Canyon trough, Georges Bank trough, 
and Emerald Bank trough. 
Triassic, Cretaceous, and Tertiary rocks crop out roughly 
parallel to the present Atlantic coastline. Triassic outcrops 
are confined to scattered down-faulted basins within the 
piedmont. Lower Cretaceous outcrops are recognized in the 
Salisbury emb yment of ew Jersey, Delaware, aryland, and 
Virginia, and may be represented farther south as thin elastic 
beds mapped with the basal Upper Cretaceous. Upper Cretaceous 
rocks crop out almost continuously along the Fall Line from 
eastern Alabama to the north flank of the Cape Fear arch in 
orth Carolina and from Virginia to ew York. Tertiary rocks 
crop out in broad patterns throughout the Coastal Plain except 
on the Cape Fear arch and where masked by a veneer of alluvial 
deposits. 
The Cretaceous and Tertiary rocks exposed from southern 
Georgi northward to Long Island are mainly continental elastics 
interspersed with some thin lignitic layers and marl beds. 
Seaward, these rocks become marine in character and thicken to 
more than 10,000 feet at the coastline. Cretaceous rocks do 
not crop out in southern Georgia and Florida, and Tertiary rocks 
are only p rtially exposed. Both are predominantly marine 
carbonates in the subsurface nd exceed 15,000 eet in thick­
ness in the Florida Keys and Bah ma Islands. 
The subsurf ce correlations of the esozoic nd Cenozoic 
rocks b neath the Coastal Plain are traced along eigh cross 
sections. One section extends subsur ace correlations from 
the marine c rbona e acies beneath the Florida K ys northward 
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into the mixed marine and continental elastic facies beneath 
Long Island. The other sections trace units of the predominantly 
elastic outcrops downdip into marine facies along the coast. 
The pre-Mesozoic basement rocks beneath the Coastal Plain 
are primarily igneous and metamorphic rocks of Precambrian and 
Paleozoic age. Some Paleozoic sedimentary rocks ranging from 
Early Ordovician to Middle Devonian in age are in the basement 
in northern Florida. The oldest rock recovered from the sea 
bottom along the Atlantic coast has come from the Paleozoic 
granite pinnacles at a depth of about 30 feet on Cashes Ledge 
near the middle of the Gulf of Maine. 
Triassic (?) rocks, which consist of red arkose, sand­
stone, shale, tuff, and basalt flows, in places intruded by 
diabase, are present in downfaulted basins in the basement. 
Rocks of Late Jurassic or Early Cretaceous (Neocomian) age 
are present beneath southern Florida. There the sequence, as 
much as 1,100 feet thick, consists principally of limestone, 
dolomite, and anhydrite with a marginal elastic facies at the 
base where it rests on igneous basement. Equivalent rocks 
about 900 feet thick are present at Cape Hatteras, N. C., and 
extend northward along the coast into New Jersey. 
In Florida, the Lower Cretaceous rocks, subdivided into 
rocks of Trinity, Fredericksburg, and Washita age, are 
predominantly carbonates and exceed 6,700 feet in thickness 
beneath the Florida Keys. Northward along the coast, the 
rocks wedge out on the Peninsular arch and then·reappear as a 
thin elastic unit across Georgia and South Carolina. They are 
missing from the higher parts of the Cape Fear arch in North 
Carolina but are present on the east flank as a thickening 
wedge of mixed elastic and carbonate rocks more than 2,800 
feet thick at Cape Hatteras and 2,600 feet thick in Maryland. 
Lower Cretaceous rocks probably extend into northern New 
Jersey but do not reach Long Island. Lower Cretaceous 
submarine outcrops are present in the Blake Escarpment. 
Upper Cretaceous rocks, which can be subdivided into rocks 
of Woodbine, Eagle Ford, Austin, Taylor, and �avarro age, are 
about 1,200 to 3,000 feet thick in wells along the coast. In 
Florida, they are almost totally marine carbonates. These 
grade northward along the coast into mixed marine carbonates 
and elastics in North Carolina and then into marine and 
continental elastics beneath Long Island. Rocks of Taylor and 
Navarro age have been dredged from Oceanographer and Gilbert 
Canyons off Georges Bank and rocks of probable Woodbine age 
from the Blake Escarpment. In addition, cobbles of chalk 
containing Cretaceous Foraminifera have been found in a core 









beneath the sea between the Bahama Islands, and reworked 
Cretaceous Foraminifera have been identified in a core of 
coarse glauconitic sand on the continental rise, 155 miles 
southwest of Cape Hatteras. 
Tertiary rocks and thin Quaternary deposits are present 
along the Atlantic coast. The thickness of Tertiary rocks 
along the coast ranges from 4,300 feet in southern Florida to 
130 feet on Long Island. In general, the Tertiary rocks are 
predominantly carbonates along the southern half of the Atlantic 
coastline and are mostly sandstone and limy shale along the 
northern half. arl of early Miocene age crops out on the 
fishing banks known as Black Rocks off the coast of North and 
South Carolina. The Ocala Limestone of late Eocene age is not 
far beneath the sea bottom where artesian submarine springs 
issue along the east coast of Florida. Short cores and 
dredgings of Tertiary rocks, mostly Late Eocene (Jackson) and 
younger in age, have been recovered at more than 3 dozen 
localities concentrated for the most part between Georges Bank 
and the Hudson Canyon and in the Blake Plateau-Bahama Banks 
region. Pleistocene silts and clays have been found in many 
cores, and gravel and boulders of glacial origin have been 
dredged north of New York City. 
Tertiary strata beneath the continental shelf have been 
penetrated by two test holes about 10 miles off Savannah, Ga . 
The test holes, which stopped in the Ocala Limestone, revealed 
that rather uniform thicknesses of Oligocene, lower Miocene, 
and middle iocene s�rata extend from the shore seaward for at 
least 10 miles; th t the upper Miocene rocks and the Pleistocene 
and Holocene d posits decrease in thickness seaward; and that 
only the Oligocene rocks exhibit a pronounced facies change, 
from carbonates to elastics in a seaward direction. 
Tertiary ocks ben th the continental shelf have also 
been penetrated by six test holes 27 to 221 miles off Jacksonville, 
Fla. Stratigraphic d ta from these test holes indicate that 
Paleocene beds prob bly continue from the Coastal Plain to the 
edge of the Bl ke Plateau and are exposed as sea bottom along 
the lower part of the slope. The Eocene, Oligoc ne, and 
1iocene beds appear to be prograded seaward bene th the outer 
shelf and slope and are greatly thinned on the plateau. They 
ppe r to b especially thin or even absent along the lower 
slope, which corresponds approximately with he xis of 
m ximum eloc· of t e Gulf Stream. Conclusions drawn from 
the tcst-hol s data and some sp rker profiles are that the 
shelf was built seaward r ther continuously during Tertiary 
time and th t the edge of the continental she has been 
prograd bou 9.3 mil s by a m  ss of sediment 300 to 600 
feet thick. 
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Upper Jurassic and Lower Cretaceous rocks offer the most 
promising prospects for oil and gas production in the Atlantic 
coastal region. Offshore, their combined thickness probably 
exceeds 7,5 00 feet in the South Florida embayrnent and Blake 
Plateau trough, 5,000 feet in the Southeast Georgia embayrnent 
and Baltimore Canyon trough, and 3,000 feet in the Georges Bank 
trough. Marine beds generally regarded as potential sources of 
petroleum are predominant, and the environment of their deposi­
tion, at least in the southern areas, probably favored reef 
growth. Thick, very porous salt-water-bearing reservoirs, both 
sandstone and carbonate, are numerous. Important unconformities 
are present not only at the top but within the sequence. Three 
small accumulations of oil have been found in Lower Cretaceous 
rocks of southwestern Florida. 
In rocks of Late Cretaceous age good possibilities for 
oil and gas production exist beneath the continental shelf, but 
only fair possibilities, chiefly for gas, exist in the Coastal 
Plain. Although the thickness of these rocks does not exceed 
3, 500 feet onshore and may be only a few thousand feet more 
beneath the shelf, the beds are buried sufficiently beneath 
the Tertiary rocks to provide ample opportunity for the 
accumulation of petroleum. Reservoirs are thick and numerous 
in the Upper Cretaceous rocks of the Coastal Plain and these 
reservoirs seem to extend beneath the shelf, where marine 
source rocks may be expected. Rocks of Woodbine and Eagle 
Ford age appear to be a favorable reservoir-source rock 
combination whose thickness probably exceeds 2,000 feet off­
shore. The basal unconformity is important from 'the stand­
point of petroleum accumulation, as in places it permits the 
basal Upper Cretaceous sandstones of Woodbine age to overlap 
the underlying, more marine Lower Cretaceous rocks. 
Tertiary rocks along the Atlantic coast exhibit very good 
reservoir and fair source-rock characteristics; however, they 
are less promising for large accumulations of petroleum than 
the Jurassic and Cretaceous rocks. Tertiary rocks are probably 
less than 4,000 feet thick in most of the area north of southern 
Florida and the Bahama Islands; they contain fresh-to-brackish 
artesian water in much of that area; and they crop out in part 
along the continental shelf and in other places give rise to 
submarine springs in sink holes. In addition, structural 
features are reflected less distinctly in the Tertiary rocks 
than in the older rocks, and unconformities and overlaps 
within the Tertiary rocks are less significant regionally than 
those in older rocks. 
The continental shelf offers more promise as a potential 
petroleum province than the Coastal Plain because it has a 











possibilities. The probabilities for discovery of large 
accumulations of petroleum in the Atlantic coastal region on 
a well-for-well basis seem to favor the Upper Jurassic and Lower 
Cretaceous rocks beneath the continental shelf. 
98. Pilkey, 0, H. and M. E. Field. 1972. Onshore transport
of continental shelf sediments: Atlantic southeastern
states. Pages 429-446 in D. J. P. Swift, D. B. Duane,
and O. H. Pilkey, eds. Shelf sediment transport: progress
and pattern. Dowden, Hutchinson & Ross, Inc.,
Stroudsburg, Pa .
Several lines of evidence indicate beach and estuarine
sands from the southeastern United States Atlantic coast are 
derived in part from the adjacent continental shelf. Abundance 
anomalies of phos horite grains, total gold content, ooids, 
and various heavy minerals (in particular, epidote, staurolite, 
and garnet) on the shelf show a close correspondence to abundance 
anomalies ·n adjacent shoreline and near-shore environments. 
Carbonate content and textural parameters of beach and shelf 
deposits show a correlation between the two environments on a 
regional scale. Close correlation of shelf- and shore-sediment 
par meters may reflect ultimate derivation of sediment from 
similar sources or similar environments of deposition during 
Pleistocene sea-level fluctuations other than from onshore 
transportation. However, it can be shown that oolitic grains 
in central Florida beach s nds and phosphorite·grains on 
North Carolina beaches originate exclusively from continental 
shelf sources lying appreciable distances (up to 20 km) off­
shore, thus demonstrating onshore transportation in these 
cases. Furthermore, presence of easily abraded, shelf-derived 
oolite grains in quartz beach sands is evidence of onshore 
transportation occurring at present. Some of the inferred 
movement of sediment may have occurred actu 11 by the simple 
process of landward migration of the surf wedge or shoreface 
during the 1 s rise in se level rather than by present-day 
processes. Possible mech nisms of present-day movement include 
asymmetry of sho ling wav , and tidal and storm-induced 
currents. 
This clos correlation between b ach- shel -sediment 
char cteris ics may provide an excellent sis for low-cost 
mineral reconn issancc on the continental shelf by preliminary 
beach s mpling. Deli eation o economic minera d posits along 
the co st may f cilitate location of similar deposits in 
adjacen offshore regions and reduce the necessity for costly 
regional shelf r connaissance. 
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99. Shepard, F. P. 1973. Submarine geology. 
Harper & Row, New York. 517 pp. 
( 3rd edition). 
100. Bigham, G. N. 1973. Zone of influence--inner continental 
shelf of Georgia. J. Sediment Petrol. 43(1) :207-214. 
Ninety-three suspended-matter samples were collected from 
52 stations on the inner continental shelf of Georgia during 
the summer of 1970. Bottom sediment, along with near-surface 
and near-bottom suspended-matter samples were taken. Salinity, 
temperature, and current direction and velocity measurements 
were also made to determine the nature of shelf-sediment 
transport processes on the inner continental shelf of Georgia. 
Sediments and suspended matter were analyzed by x-ray diffraction 
to determine clay mineralogy. It has been previously established 
that the Georgia rivers contribute kaolinite, smectite, and 
minor illite to the coastal region, while a kaolinite-illite clay 
mineral suite is transported southward by longshore drift so 
that net transport direction may be inferred by suspended-matter 
clay mineralogy patterns. 
The shelf-water circulation pattern during the summer 
months appears to be a complex system of tidal-current and wind 
generated eddies superimposed on a predominantly southward drift. 
Clay mineral differential settling characteristics are used 
to explain the suspended clay mineral distribution and to estab­
lish a "zone of influence" which extends three to ten miles 
offshore. This "zone" is considered to be the maximum seaward 
extent of Georgia present-day river-derived suspended detritus. 
Particulate and dissolved pollutants would probably be restricted 
to the "zone of influence," with continuous interchange between 
suspension and the bottom, as are the clay minerals, and not be 
contributed to the Florida current. 
101. acintyre, I. G. and J. D. Milliman. 1971. Limestones
from the outer shelf and upper slope, continental margin,
southeastern U. S. Pages 103-110 in O. P. Bricker, ed.
Carbonate cements. The Johns HopITns Univ. Studies in
















102. Gibson, T. G. 1967. Stratigraphy and paleoenvironment
of the phosphatic Miocene strata of orth Carolina.
Geol. Soc. Am. Bull. 78(5) :631-650.
Foraminifera and ollusca collected from the phosphatic
Pungo River Formation and the overlying Yorktown Formation in 
eastern orth Carolina were analyzed and interpreted for 
stratigraphic and environmental significance in order to 
determine optimum depositional sites for primary phosphorite. 
The Mollusca and benthonic foraminifera of the Pungo River 
Formation correlate with those of the Calvert Formation of 
Maryland, nd the planktonic foraminifera in both of these 
formations correlate with the Globigerinatella insueta zone of 
Trinidad, postulated s late Aquitanian age. The paleoen­
vironment of the phosphorite deposition, interpreted primarily 
rom the benthonic foraminifera, was of cool-temperature waters, 
ranging in depth from 100 to 200 m in the phosphatic beds to 
less than 70 m in the upper calcareous beds where phosphate is 
scarce. Phosphorite deposition occurred in an oceanic embayment 
located south of the Fort onroe high in southern Virginia and 
north of a positive feature whose axis lies in the vicinity of 
New Bern, orth Carolina. Cool-temperate waters in this area 
during Pungo River time indicate that circulation patterns of 
ocean currents and the resultant faunal provinces were not the 
same s those at present and later in the 1iocene. In the 
Pungo River and its time equivalents of the Atlantic Coastal 
Plain, the presence of thick diatomaceous clay units, volcanic 
ash beds, shards, attapulgite clays, and other minerals probably 
der·ved from volcanic rocks, suggests a volcanic source some­
where off the coast during the Miocene . 
The Yorktown unconforrnably overlies the Pungo River 
Formation. The unconformity is marked by channels into the 
Pungo River, filled with phosphatic pebbles, vertebrate bones, 
and lower Yorktown molluscs and microfauna. The coarse-
grained phosphatic material is derived from the underlying fine­
grained primary phosphorite in the Pungo River and is abundant 
only in the lower part of the Yorktown Formation. Deposition 
of the lower part of the Yorktown occurred in waters about 
100 m deep. The waters gradually became more shallow as 
deposition of the ormation continued until depths of less 
than 15 m, and prob ble brackish conditions, were reached 
as the uppermost p rt o the formation was deposited. Tempera­
ture of the w ers, cool-temperate during low r Yorktown 
deposition, bee me wa m-temperate to subtropical in later 
Yorktown tim . The faunal p tterns suggest that circulation 
patterns reached their present state during late Yorktown 
time. 
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103. Heezen, B. C., M. Tharp, and M. Ewing. 
of the oceans. I. The North Atlantic. 
Spec. Pap. 65, New York. 122 pp.
1959. The floors
Geol. Soc. Am.
The Physiographic Diagram: Atlantic Ocean, Sheet 1, which
portrays the North Atlantic between 17° and so0 North Latitude, 
is the first of a projected series of diagrams. The diagram is 
based on continuous echo-sounding traverses made by research 
vessels. The relief shown on the profiles was sketched in 
perspective using the technique introduced by Lobeck. Between 
sounding profiles the relief is speculative, based on extra­
polation of trends noted in the profiles. 
The area of the diagram is divided into three major 
physiographic regions which are in turn subdivided into the 
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Each province is defined, briefly described, and illus­
tr ted with profiles and photographs of echo-sounding records. 
The boundaries of the physiographic provinces, defined 
solely by bottom topography, show good correlation with 
variations in crustal structure as determined by seismic­
refraction measurements and with anomalies of the gravity and 
magnetic fields. In addition, the province boundaries cor­
relate well with distribution patterns of bottom sediments. 
The physiographic provinces are thus really morpho-tectonic 
provinces. The precise correlation of topographic provinces 
and structure observed in specific sections can thus be 
extrapolated along province boundaries to deduce the geology 
in large areas where no geophysical work has been done. The 
tectonic map of the Atlantic prepared in this manner will be 
presented in a subsequent publication. 
104. illiman, J. D. 1972. Atlantic continental shelf and
slope of the United States--petrology of the sand traction
of sediments, northern ew Jersey to southern Florida.
U. S. Geol. Surv. Prof. Pap. 529-J, pp. Jl-J40.
Surf ce diments on the continental margin from northern 
ew Jersey to southern Florida can be divided into different 
sediment types on the basis o their texture and composition. 
ost of the continental shelf north of Cape Hatter s is covered 
with a relict low-carbonate felspathic s nd. Shelf sediments 
south of Cape H tteras are characterized by relatively high 
carbon te nd low feldsp r contents, th result of w rm 
coastal waters nd southern river sedimen·a ion. Carbonate 
components include mollusks, coralline algae, barnacles, and 
oolite. Sed'ments immedi tely adjacent to large Piedmont 
rivers, howev r, tend to have rela ively low c r onate and 
relatively high felds r contents. 
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The continental slope north of Cape Hatteras is dominated 
by silts and clays. The sand fraction of these sediments 
generally contains moderate amounts of carbonate and large 
amounts of feldspar. The insoluble fraction of the carbonate­
rich sands on the northern Florida-Hatteras Slope are dominated 
by glauconitic casts, probably derived from nearby middle 
Tertiary outcrops. The carbonate-rich muds off Florida and 
southern Georgia are less glauconitic, but they do contain 
arkosic sands that probably also were derived from underlying 
middle Tertiary formations. The Blake Plateau is characterized 
by highly carbonate-rich sands. Apparently, little or no 
terrigenous sediment has accumulated in this area since at 
least the middle Tertiary. 
The most impressive characteristic of the sediments of 
the continental margin is that most are relict or residual. 
The fine-grained nearshore sediments probably represent the 
only modern (posttransgressional) sediments on the shelf. The 
lack of modern sedimentation on the shelf is probably due to 
the trapping of river-borne detritus in estuaries and the 
winnowing of fine-grained shelf sediments by currents and waves. 
The presence of residual sediments and outcrops illustrates 
that much of the southeastern shelf, Florida-Hatteras Slope 
and Blake Plateau, have accumulated only slight sediment cover 
since the Tertiary. The erosive influence of the Florida 
Current must be considered a key factor. 
105. Espenshade, G. H. and C. w. Spencer. 1963. Geology of 
phosphate deposits of northern peninsular Florida. U. S. 
Geol. Surv. Bull. 1118, 115 pp. 
Stratigraphic information, fossil collections, and phosphate 
samples were obtained in a reconnaissance geologic study of 
uraniferous phosphate deposits from exposures at numerous 
localities and from 30 auger-drill holes and 16 core-drill holes. 
New data are presented on the lithology, stratigraphy, 
and paleontology of the Hawthorn formation (early and middle 
Miocene age) and younger beds in an area extending north from 
central Lake County to the Florida-Georgia line. Phosphatic 
dolomite is the dominant lithologic type in the Hawthorn 
formation and forms the lower part of the section, which is 
here called the phosphatic dolomite unit. Phosphorite 
(phosphatic clayey sand) forms the upper part of the Hawthorn, 
which is called the phosphorite unit. The Hawthorn is covered 
by nonphosphatic sand and clayey sand of Miocene (?) or younger 
age. Carbonate-fluorapatite, in the form of shiny pellets and 








of dolomite occur in the Hawthorn--hard, tough, cemented 
dolomite and soft claylike dolomite composed of uncemented tiny 
dolomite rhombs. Clay beds associated with dolomite are made 
up of the clay minerals attapulgite and montmorillonite, with 
attapulgite apparently most abundant. Montmorillonite is the 
only clay mineral in nearly all the nondolomitic phosphorite. 
Both clay minerals form beds of fuller's earth. Kaolinite is 
the clay mineral in the clayey sands that overlie the phos­
phorite beds of the Hawthorn. The phosphorite unit of the 
Hawthorn formation in northern peninsular Florida is lithologi­
cally identical with the phosphorite of the Bone Valley 
formation, which overlies the Hawthorn in central Florida. 
Thickness of the Hawthorn formation where intersected by 
the different drill holes ranges from 24 feet in one of the 
most southerly drill holes to 288 feet in the most north­
easterly drill hole. In general, the thickness of the Hawthorn 
and the relative proportion of dolomite beds to phosphorite 
beds are greatest in the northernmost drill holes. Similar 
sequences of lithologic units were penetrated by most drill 
holes, but similar lithologic units are not everywhere of the 
same age. In one drill hole, both the phosphatic dolomite 
unit and the overlying phosphorite unit contain fossils of 
early Miocene age; in another drill hole, early Miocene fossils 
occur only in the basal beds of the phosphatic dolomite unit, 
and middle Miocene fossils occur in the overlying beds of the 
phosphatic dolomite unit. 
Supergene alteration of the upper phosphorite beds of the 
II wthorn formation by ground water has resulted at many places 
in partial leaching of apatite pellets; deposition of the 
secondary luminum phosphate minerals crandallite, millisite, 
and wavellite; and some enrichment in uranium, in the same 
manner as in the aluminum phosphate zone of weathered phosphorite 
in the Bone Valley Formation of central Florida. 
In the hard-rock phosph te district, exposures in old 
phosphate mines nd cuttings from auger-drill holes show that 
there is a f irly consistent stratigraphic sequence throughout 
this rea ne the west side of the peninsula. These strata, 
which h vc been corre ted with the Alachua ormation, are now 
thoroughly we thered, much dis urbed by solution slumping, and 
l'e above irr gular deposits of secondary patite that commonly 
fill sinkhol s and solution pits in limestone. The lower part 
of this sequence overlying the secondary apatite deposits is 
made up of thin beds of phosphatic clay and clayey sand 
cont ining sedimentary apatite pellets and grains; the upper 
part consi ts of thick beds (as much as 80 t) of phosphatic 
sand. Phosphatic limestone is known at one locality, and m y
ha e once been more widespread before destruction by ground 
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water solution. The stratigraphic sequence is somewhat similar 
to that of the Hawthorn formation farther east, but is in part 
younger, because invertebrate fossils of late Miocene age and 
horse teeth of early Pliocene (?) age occur in the phosphatic 
sands, the topmost unit. 
The hard-rock phosphate deposits seem to have been formed 
by very thorough ground-water leaching of phosphate from marine 
phosphorite beds and redeposition of phosphate at depth as 
secondary apatite by replacement of limestone and precipitation 
in cavities, as proposed by some earlier investigators. 
Phosphate and uranium analyses are given of samples of 
phosphorite, phosphatic clay, and phosphatic dolomite taken from 
the Hawthorn formation; some analyses of aluminum and other 
constituents are also given. In the phosphorite samples, 
between 70 and 90 percent of the total phosphate and uranium is 
contained in the coarse fraction (>1.19 mm size) and in the fine 
fraction (<0.105 mm size) combined; quartz sand is the dominant 
constituent in the intervening size range. Recent work by 
others has indicated that there are significant reserves of 
phosphorite in central Alachua County in addition to reserves 
that have been previously estimated in northern peninsular 
Florida. 
Analyses of phosphate and uranium are given of samples of 
hard secondary apatite, soft apatite, and phosphatic sand from 
the hard-rock district and analyses for aluminum and other 
constituents are presented for selected samples. ·The uranium­
P2o5 ratio is highest in the phosphatic sands, which are
composed of about 80 to 85 percent quartz sand and 15 to 20 
percent of a fine claylike mixture of kaolinite and aluminum 
phosphate minerals. The nonquartz part of the phosphatic 
sand contains about 0.010 percent uranium; in some samples the 
nonquartz part has more than 20 percent each of P2o5 
and Al2o3.
Phosphate mining in the hard-rock district began about 
1889, and was in its most productive period from 1894 to 1914; 
only one mine has been worked in recent years. Much more 
information is needed to make a reliable estimate of the 
reserves of hard-rock phosphate, but previous estimates of 
reserves are judged to be excessive because they include a 
considerable area that now does not appear to be geologically 
favorable. Total production of about 14 million long tons of 
hard-rock phosphate has come from only about half of the 
potential area of the district; certain areas are recommended 
for prospecting. Large tonnages of phosphatic sands that 
contain important aggregate amounts of uranium, phosphorus, 
and aluminum occur in the district; these sands form most of 













106. Spangler, W. B. 1950. Subsurface geology of Atlantic 
Coastal Plain of orth Carolina. Arn. Assoc. Pet. Geol. 
Bull. 34 (1) : 100-132. 
This paper presents a summary of the geological and 
geophysical methods used and data obtained in eastern North 
Carolina during the petroleum exploration program (1945-1947) 
of Esso Standard Oil Company on the Atlantic Coastal Plain . 
During the exploration venture two wells were drilled: 
Hatteras Light well o. 1 as a stratigraphic test on the 
easternmost promontory of Cape Hatteras, and North Carolina 
Esso No. 2 as a stratigraphic and structural test. Hatteras 
Light well o. 1 is the deepest well drilled to date along 
the Atlantic Coastal Plain from Maine to Florida. The 
considerable data obtained during the venture have made possible 
new interpretations of the subsurface geology of eastern North 
Carolina . 
107. Thornbury, W. D. 1965. Regional geomorphology of 'the
United States. Wiley & Sons, New York. 609 pp .
108. Curtis, w. F., J. K. Culbertson, and E. B. Chase. 1973. 
Pluvial-sediment discharge to the oceans from the con­
terminous United States. U. S. Geol. Suiv. Circ. 670. 
17 pp. 
This report is a contribution to the U ESCO-sponsored 
project of the International Hydrological Decade called the 
World Water Balance. Annual fluvial-sediment discharge from 
the conterminous United States averages 491,449,600 short tons, 
of which 14,204,000 is discharged to the Atlantic Ocean, 
378,179,000 to the Gulf o exico, and 99,066,600 to the 
Pacific Ocean. Data from 27 drainage are s were used to 
est'mate th verage annual discharge, yi ld, and concentration 
of fluvial sediment. The data may be used to extrapolate part 
of the total world sediment yield to the marine environmen . 
109. Rouse, J. T. 1971. Possible future p troleum potential
of Atlan ic coastal plain, peninsular Florida, and adja­
cent continental shelves--Region 11. Pages 1291-1294 in
I. H. Cr m, ed. Future petroleum provinces of the United
S ates-- heir geology and potential. Am. Assoc. Pet.
Geol. emoir 15, Tulsa, Oklahoma.
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110. Callahan, J. T. 1964. The yield of sedimentary aquifers 
of the Coastal Plain, Southeast River Basins. U. S. 
Geol. Surv. Water-Supply Pap. 1669-W. 56 pp. 
The estimated safe yield of the sedimentary aquifers of 
the Coastal Plain of the Southeast River Basins is about 24 
billion gallons per day. The volume of fresh water in storage, 
if one assumes an average thickness of 1,500 feet of sedimentary 
rocks and an average porosity of 30 percent, is about 21 billion 
acre-feet. The ratio of ground water in storage to safe yield 
is about 1 acre-foot to 1 gallon per day. 
The aquifer systems of the study area, from lowermost to 
uppermost, include: the sand aquifers of Cretaceous age; the 
limestone and sand aquifers of early Tertiary age; the principal 
artesian aquifer of Eocene, Oligocene, and Miocene age; the 
sand and gravel aquifers of Miocene and post-Miocene age of the 
southwestern area; and the sand aquifers of Miocene and Pliocene 
to Recent age of the Atlantic coast. 
The safe yield of the aquifer systems was estimated from 
known geologic and hydrologic data and by making broad assump­
tions regarding the extent, thickness and permeability of the 
aquifers and the continuity of physical conditions that control 
the occurrence and movement of ground water. 
More water recharges the aquifers during the nongrowing, 
or recharge season (November through March), tha� during the 
growing season. Most of the ground water that is recharged to 
these aquifers is discharged to streams in the recharge area; 
the amount is as much as 40 inches per year per square mile in 
a few places but is commonly 10 inches per year. The remainder 
of the recharge moves downdip. Ground water that moves downdip 
below the confining beds toward discharge areas on the sea floor 
probably averages about 1 inch per year per square mile in the 
recharge areas, except perhaps that from the Miocene to Recent 
sand aquifers of the Gulf of Mexico and Atlantic coasts. These 
aquifers occur as a mass of sand that blankets large areas 
adjacent to and along the shore and from which ground water 
discharges to streams and the sea, evaporates, and transpires. 
Salt-water encroachment is taking or has taken place in 
the principal artesian aquifers at Savannah, Ga., and in the 
shallow sand aquifers along the gulf coast. 
The full development of the aquifer systems to their safe 
yields will decrease the flow of major streams, dry up the flow 
of some minor streams, lessen water losses to evaporation and 








seas, necessitate mining of water at some places and during some 
seasons, and require the careful management of pumpage in areas 
adjacent to salt water bodies to avoid contamination of the 
aquifers. 
The data necessary to provide the knowledge for water 
management generally are inadequate except for a few small areas. 
Artificial recharge of the aquifers by means of recharge 
wells and spreading areas may increase the safe yield of some 
of the aquifers and prevent or retard salt-water encroachment. 
Three major fields in which knowledge is needed are modern 
topographic mapping, stream-gaging at stations established by 
geologic control, and detailed studies of ground-water hydrology. 
Large parts of the study area never have been mapped topographi­
cally. In the past, locations of stream-gaging stations were 
selected by criteria that did not consider geology. Pumping 
tests and measurements of the capacity of the aquifers to store 
and transmit ground water have been made at relatively few places 
and not for all the aquifers. 
111. Ewing, J., M. Ewing, and R. Leyden. 1963.
flection measurements on the Blake Plateau.
Union Trans. 44:65. (abst.)
Seismic re­
Am. Geophys. 
Continuous reflection profiles using sparker, 'boomer,' 
and explosive sources indicate that the superficial strata are 
flat-lying while the deeper ones dip to the west, apparently 
from outcrops near the top of the Blake escarpment. Sparker 
profiles across the edge of the continental shelf indicate that 
the modern shelf is being built outward on the Blake plateau, 
a platform at about 400-fathoms depth; these profiles also give 
evidence about earlier lower stands of sea level. Speculations 
about the geologic history of the region are given, based on 
this new inform tion . 
112. Stetson, T. R., J. B. Hersey, ands. T. Kno t. 1963.
Shallow structures of the Blake Plateau. Am. Geophys. 
Union Tr ns. 44: 64. (abst.) 
Sounding and seismic profiling data on the Bl ke Plateau 
are used to describe and interpret shallow structur s there. 
Part of the d ta upon which this present work is b sed was 
taken as early as 1956, but with the application of continuous 
seismic profiling in more recent years, particularly 1961, 
much new information has been gained and is repor ed here. 
17 
The south central portion of the area is described and 
contrasted with the more northern region. These areas are 
logically divided into two provinces by their topographic 
differences. A natural dividing line is found in an east­
west linear depression near 31°N latitude. Northeast of this 
depression there is a north-south linear depression flanked 
by coral banks. Continuous seismic profiles taken over these 
linear depressions are presented. The structure appears to 
be a simple interruption of horizontal strata rather than a 
major displacement by faulting. Seismic profiles over the 
coral banks suggest the possible nature of the substratum. 
113. Brundage, W. L. 1972. Patterns of manganese pavement 
distribution on the Blake Plateau. Pages 221-250 in D. 
R. Horn, ed. Papers from a conference on ferromanganese 
deposits on the ocean floor. Lamont-Doherty Geol. 
Observ., Columbia Univ., N. Y., January 20-22, 1972. 
Office for International Decade of Ocean Exploration, 
National Science Foundation, Washington, D. C. 
Four continuous photographic transects (45 to 90 km in 
extent) were made with deep-towed, wide-angle cameras over 
the manganese pavement region of the Blake Plateau. The 
photos indicate that the pavement is covered by discontinuous, 
mobile sand patches and that zones of transition exist between 
the pavement and manganese-nodule areas. 
114. Neiheisel, J. 1962. Heavy-mineral investigation of
Recent and Pleistocene sands of lower Coastal Plain of
Georgia. Geol. Soc. Am. Bull. 73(3) :365-374.
Samples of Recent and Pleistocene sediments collected 
along beaches, rivers, across a coastal island, and from the 
two lower Pleistocene terraces of the Georgia Coastal Plain 
have been analyzed by mechanical and petrographic methods. 
Comparison of results indicates that sedimentary parameters are 
similar for present and older shorelines, but that heavy­
mineral suites differ in impoverishment of less stable mineral 
species in the older sediments. Comparison of measured and 
theoretical median diameters of the heavy-mineral suites also 
reflects the chemical decay process in the Pleistocene sands 
which is attributed to intrastratal solution action since 
deposition. 
Sediment studies across southern Jekyll Island indicate a 
probable Recent age based on mineral and morphological data. 











unusual concentrations of heavy minerals. Black sand concentra­
tions in the upper littoral beach area, effected by water 
separation, reflect selective sorting of heavy-mineral species 
related to density and particle shape. Foredunes and parallel 
dunes in proximity to upper beach concentrates of heavy 
minerals contain several times the amount of heavy minerals 
as more normal beach and dune sand and reflect a ratio of 
heavy-mineral species intermediate between the water concentrates 
and average sand. 
Application of heavy-mineral data derived from Recent 
coastal sediment could aid in interpretation of Pleistocene 
terraces and in exploration for ore minerals occurring in the 
sediment . 
115. Malde, II. E. 1959. Geology of the Charleston phosphate 
area, South Carolina. U. S. Geol. Surv. Bull. 1079. 
Washington, D. C. 105 pp . 
The Charleston phosphate area, part of a district from 
which phosphate was produced from 1867 to 1938, lies northwest 
of Charleston, S. C., between the Ashley and Cooper Rivers. The 
exposed rocks are marine and range in age from Oligocene to 
Pleistocene. Soils nd swamp debris obscure much of the area . 
The Oligocene Cooper marl, a soft, very fine grained, impure 
carbonate deposit, is the oldest formation exposed, cropping 
out in the river bluffs. The Cooper marl dips southward from 
8 to 14 feet p r  mile and overlies beds of Eocene age upturned 
on the north. From a thickness of 200 feet near Charleston the 
Cooper marl hins and pinches out 20 miles north. It thickens 
southwestw rd to at least 280 feet. Carbonates in the Cooper 
are mainly calcite, but dolomite locally replaces calcite in 
the upper part. 0th r constituents are sand, clay, phosphate, 
and w ter. The m rl is massive and smooth textured. Fossils 
suggest deposition in relatively cool water, 100 to 200 
fathoms d ep. ollusks from outcrops high in the Cooper near 
the coast indic te a late Oligocene age, but other fossils 
farther inland, closer to the base, are early Oligocene. 
iocene formations in the r gion are thin nd discontinuous. 
The lower ioc ne is absent, exc pt possibl for a limestone 
bed, 1 foot hick, 30 miles northwest of Charles on. The 
middle iocene Hawthorn form tion, limy or marly phosphatic 
sand and clay, crops out along the Sa annah River, but thins 
northeastward nd apparently is missing at Charles on. The 
Hawtho n dips south about 4 feet per mile. A bed of coquina 
as much as 10 feet thick nd mile broad, part of the upper 
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Miocene Duplin marl, is buried by younger deposits in the 
eastern part of the area, and crops out on the Cooper River 
and Goose Creek. The Duplin thickens northeastward to a 
maximum of 41 feet and rises inland to a height of 170 feet. 
It dips southeast about 2 feet per mile. Fossils in the Duplin 
marl near Charleston resemble Pliocene species, but those 
farther inland are upper Miocene. 
The Pliocene Waccamaw formation is not exposed, but ditch 
spoil southwest of the Charleston Military Airport contains 
Pliocene fossils apparently dredged from a shell bed about 8 
feet above sea level. Outcrops of the Waccamaw formation 
northeastward along the coast are at comparable altitude. 
Pronounced changes in relative sea level during late 
Pliocene or early Pleistocene time are suggested by fossils 
from well cuttings found 83 feet beneath Charleston and from 
an outcrop farther inland 65 feet above sea level. 
Pleistocene marine deposits cover nearly all the Charleston 
area. The Ladson formation, first named in this report, is the 
oldest and most widespread. It consists of a layered sequence 
of sand and clay, conglomeratic at the base, divisible into 
four members. From bottom to top the members are characterized 
respectively by phosphate, fine sand, medium-grained sand, and 
coarse sand. The Ladson formation dips seaward (southeast) 
about 2 feet per mile. It rests on eroded Tertiary deposits 
and is as much as 35 feet thick. Locally, at least 10 feet of 
beds have been removed by erosion. Differential erosion along 
bedding planes has formed flat benches, and weathering profiles 
on these benches are buried locally by surficial deposits. 
Relative ages of the surficial deposits younger than the 
Ladson are inferred from their topographic relations. The 
oldest, a sand deposit on Tenmile Hill, forms ridges parallel 
to the coast from 35 to 45 feet above sea level. Surficial 
deposits of intermediate age correlate with the Pamlico 
formation and form a sandy terrace rarely higher than 25 feet 
above sea level. The youngest deposits are on terrace benches 
along the estuary of Goose Creek and range from 20 to 25 feet 
above sea level. 
The phosphate rock is phosphatized Cooper marl reworked into 
the lower part of the Ladson formation. Mineralogically, the 
phosphatic material is carbonate-fluorapatite, a common marine 
phosphate whose composition can be expressed by the formula 
ca10(PO4,_ co3)6F2_3. Amounts of calcium phosphate in thephosphate rock are proportional to amounts of calcium carbonate 
in the Cooper marl and average 61 percent "bone phosphate of 
lime." Presumably the phosphate rock could have formed by 









Soils in the area differ according to the geologic age of 
the deposits on which they are formed. Those with red mottling 
and brown hardpan are developed on the Ladson formation. 
Younger deposits are little weathered, but are weakly oxidized 
or contain organic accumulations of plants that grew in poorly 
drained terrain. Progressively older soils have profiles that 
suggest polygenetic development. 
116. Meade, R. H. 1 J 72. Sources and sinks of suspended matter 
on continental shelves. Pages 249-262 in D. J. P. Swift, 
D. B. Duane, and o. H. Pilkey, eds. Shelf sediment trans­
port: process and pattern. Dowden, Hutchinson & Ross, 
Inc., Stroudsburg, Pa. 
While river sediments are the principal sources of sus­
pended matter on many continental shelves, their importance on 
the Atlantic Continental Shelf of the United States is less 
than that of biogenic detritus produced by shelf organisms and 
of material resuspended from the shelf bottom. The major sites 
of accumulation of suspended matter from the Atlantic shelf 
are in the large estuaries and coastal marshlands rather than 
on the shelf itself or in the deep sea. Sources other than 
river sediments and sinks other than the sea floor should be 
given ample consideration in assessing the dispersal of 
suspended sediments on other continental margins of the world. 
117. Buss, B. A. and K. S. Rodolfo. 1972. Suspended sediments
in continental shelf wa ers off Cape Hatteras, orth
Carolina. Pages 263-279 in D. J. P. Swith, D. B. Duane,
and 0. H. Pilkey, eds. Shelf sediment transport: process
and pattern. Dowden, Hutchinson & Ross, Inc. Stroudsburg,
Pa.
Suspended sediment and salinity samples were taken at 46
stations over the Ca e Hatteras shelf area from August 26 to 
28, 1970. Analyses of th se samples provide data on the Cape 
Hatteras plume seen in A ollo 9 photographs. Relative high 
suspensate (>2 mg liter-) and low salinity (<3.2°/oo) waters 
from Pamlico Sound are issuing onto the shelf through Okracoke 
and Hatteras Inlets. A portion of this outflow is moved south­
ward by coast 1 currents. In the shoal waters off the cape 
itself, wave and current mixing causes suspensions of between 
0.5 and 1.0 mg liter -1. Seaward, suspensions are gradually 
diluted to less than 0.10 mg liter -1 on the outer shelf and 
slope with salinities generally between 3.5 and 3.6 0/00. 
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118. Heron, S. D. Jr. 1962. Limestone resources of the
Coastal Plain of South Carolina. South Carolina State
Development Board, Division of Geology Bull. No. 28,
Columbia, s. c. 128 pp.
There are five Coastal Plain geologic formations in South
Carolina that contain appreciable quantities of calcium carbo­
nate. Of these, the Santee Limestone of Eocene age has the 
highest potentiality as a source of high grade calcium carbo­
nate suitable for industrial and chemical uses. 
The results of holes drilled into the Santee Limestone by 
the Division of Geology, South Carolina State Development Board, 
and by private concerns are given. Two hundred and fifty-two 
chemical analyses are presented, mostly of the Santee Limestone, 
but including the other carbonate-bearing formations. 
The Santee Limestone occurs near the surface or at shallow 
depths in parts of eight South Carolina counties. The calcium 
carbonate content appears to be highest near the top of the 
formation. Near its westward extent and near the bottom of the 
formation the calcium carbonate content apparently decreases as 
the glauconite content increases. 
Other calcium carbonate-bearing formations include the 
Peedee Formation (Cretaceous), the Cooper Marl (Eocene and 
Oligocene), the Duplin Formation (Miocene), and the Waccamaw 
Formation (Pliocene). The Cooper Marl's normal carbonate 
content is less than 50 percent, but it may be as high as 88 
percent or as low as 24 percent. The Cooper Marl is not a 
marl, but a limestone (calcilutite or calcarenite, often sandy). 
The Peedee, Duplin, and Waccamaw formations locally may con­
tain up to 90 percent calcium carbonate, but generally these 
formations are too variable in quality tQ have high potential 
as a source of high grade limestone. 
119. Cochran, w. and R. L. Smith. 1972. Availability of
rutile as a byproduct from sand-wash�ng plants in the 
southeastern United States. U. S. Dept of Interior, Bur. 
of Mines Publ. IC 8540. Washington, D. C. 27 pp. 
Data on the cost and quantity available were developed for 
rutile (TiO2), which is potentially recoverable as a byproduct 
at sand-washing plants in the Southeastern States of Alabama, 
Georgia, North Carolina, and South Carolina. Based on 1969 
production data, an estimated 4,300 tons of rutile could be 
recovered annually from plants that process more than 25,000 
tons of sand per year. Rutile prices at which this resource 
would be available ranged upward from $262 per ton, compared 









120. Davis, E. G. and G. V. Sullivan. 1971. Recovery of heavy
minerals from sand and gravel operations in the southeastern
United States. U. S. Dept. of Interior, Bur. of Mines
Rep. of Investigations 7517. Washington, D. C. 25 pp.
This report summarizes an investigation to determine the
occurrence and recoverability of heavy minerals in sand and 
gravel operations in the Southeastern United States. 
A total of 61 samples from 34 sand and gravel operations 
in Alabama, Georgia, South Carolina, and North Carolina were 
studied. Heavy minerals, in amounts ranging from 3 to 400 pounds 
per ton, were found in all of the samples. Eighty percent of 
the samples contained 20 to 40 pounds per ton of heavy mineral . 
Valuable heavy minerals, in order of decreasing amounts, were 
ilmenite, kyanite, zircon, rutile, and monazite. 
Large-scale concentration tests were made on five samples 
from four major producers. Gravity concentration by Humphreys 
spirals and tables resulted in bulk heavy mineral concentrates 
that graded from 82 to 98 percent total heavy minerals. Mineral 
recoveries ranged, in percent, as follows: Ilmenite 60 to 95; 
zircon 96 to 100; kyanite 37 to 77; rutile 89 to 100; and 
monazite 96 to 100. 
Separation studies on the gravity concentrates showed they 
would respond to high-tension and high-intensity magnetic 
separation techniques to produce individual mineral concentrates. 
The recovery of each individual mineral from fractionation of 
the heavy mineral gravity concentrates, in percent, was: 
Ilmenite 77 to 94; rutile 41 to 68; kyanite 62 to 79; zircon 
49 to 83; and rare-earth products, monazite and xenotime, 42 
to 96. The gr de of each.mineral concentrate was: Ilmenite 
51.1 to 68.7 percent Ti02; rutile 93.7 to 94.3 ercent Ti02; 
kyanite 55 percent Al
L
03; zircon 58 to 61 percent Zr02; and
rare-earth products containing 73.8 to 90.8 percent monazite 
and 4.8 to 12.7 p�rcent xenotime . 
121. Giles, R. T. 1966. River, beach and dune sands of the
southeast rn Atlantic Coast of the United States. Pages
71-76 in J. H. Hoyt, V. J. Henry, Jr., and J. D. Howard,
compilers. Pleistocene and Holocene s iments, Sapelo
Island, G orgia and vicinity. Guidebook Field Trip No.
1, April 11-13, 1966, Geol. Soc. Am., Southeastern Section.
This survey of the southeast Atlantic coast of the United
States attempts to show the com osition, source and sorting 







from analyses by Giles and Pilkey (1965) of 53 beach, 50 dune, 
and 40 river samples collected from north of Cape Hatteras, 
North Carolina to Miami Beach, Florida. This region is a 
large shoreline reentrant with its maximum extent and approxi­
mate center along the Georgia coast. Grain size, sorting, and 
heavy and light mineralogy were determined for all samples. 
In order facilitate the provenance and regional sorting 
aspects of this study, all mineralogical determinations were 
made on the fine-grain sand (0.125-0.25 mm) fraction. Thus 
it is important to note that conclusions regarding the beach, 
dune, and river sediments must, strictly speaking, apply only 
to this particular size. However, conclusions concerning the 
fine sand size fraction probably apply to most of the well 
sorted beach and dune sands. 
122. Duane, D. B. 1968. Sand inventory program in Florida.
Shore and Beach 36(1) :12-15.
123. Manheim, F. T. 1972. Composition and origin of manganese­
iron nodules and pavements on the Blake Plateau. Page 105
in D. R. Horn, ed. Papers from a conference on ferroman­
ganese deposits on the ocean floor. Lamont-Doherty Geol.
Observ., Columbia Univ., N. Y., January 20-22, 1972.
Office for International Decade of Ocean Exploration,
National Science Foundation, Washington, o; c. (abst.)
Manganese-iron deposits on the Blake P�ateau off Florida
and South Carolina aggregate about 1.5 x 10 tons if partly 
phosphatic pavements are included. These deposits began 
forming in Middle Tertiary time concurrently with the establish­
ment of the Gulf Stream. The Gulf Stream has played an essen­
tial role in their genesis. It has prevented deposition of 
carbonates and other sediments on the Blake Plateau thus 
permitting accumulation of very slowly accreting metal oxides 
in an unusually shallow and nearshore environment. Virtually 
all of the manganese-iron deposits appear to have replaced 
or formed around phosphorite nuclei. 
The nodules sampled by the joint Continental Margin 
Program of the U. S. Geological Survey and the Woods Hole 
Oceanographic Institution average about 15 percent Mn, 11 
percent Fe, and .4, .3, .1, and .03 percent Ni, Co, Cu, and 
Mo, respectively. These values are well below levels regarded 
as economically attractive for ocean mining at present, but 
























124. Amos, A. F., C. Garside, K. c. Haines, and O. A. Roel�.
1972. Effects of surface-discharged deep-sea mining
effluent. Pages 271-281 in D. R. Horn, ed. Papers from 
a conference on ferromanganese deposits on the ocean 
floor. Lamont-Doherty Geol. Observ., Columbia Univ., 
N. Y., January 20-22, 1972. Office for International
Decade of Ocean Exploration, National Science Foundation,
Washington, D. C .
During July and August 1970, a prototype deep-ocean 
mining system using air-lift pumping was tested for mining 
manganese nodule deposits on the Blake Plateau. Experiments 
were done, both on board the mining vessel and at the laboratory 
on shore, to determine the environmental effects of surface­
discharged deep water used to transport the mined material. 
A dye-release experiment showed that discharged water mixed 
slowly with surface water and remained at the surface which was 
in accord with observed hydrographic data. Analysis of the 
raised deep water showed high nutrient levels, which supported 
high levels of phytoplankton growth and productivity. Sedi­
mentary material discharged with the water enhanced phyto­
plankton growth. Organic material entrained in the deep water 
consumed approximately 80 percent of available oxygen when 
stored in the dark. In light a spontaneous phytoplankton 
bloom developed which reversed the oxygen depletion within a 
few days. No adverse environmental effects could be demon­
strated. 
125. Sallenger, A. H., V. Goldsmith, and c. Sutton. Bathymetric 
comparisons: evaluation and applications. Virginia 
Institute of Marine Science, Gloucester Point, Va. (in 
preparation). 
126. Colquhoun, D. J. 1965. Terrace sediment complexes in
central South Carolina. Atlantic Coastal Plain Geological
Association Field Conference 1965, Univ. of South Carolina,
Columbia, S. C.
Coastal Plain Terraces-Formations are sediment complexes
bounded above by terrestrial and marine landforms and below by 
terrestrial and marine unconformities. Between these surficial 
and basal surfaces are lithologic facies, biologic facies and 
paleoecologic eoseres representative of Recent Coastal Plain 
and Shelf environments. Thickness between these surfaces in 
stable areas depends on: the depth of river erosion prior to a 
rise in sea level, the depth of marine erosion during a rise in 
187 
sea level, the depth of marine erosion during a rise in sea 
level (35-40 feet below sea level in unconsolidated sediments), 
and the thickness of the sediments deposited below and/or 
above sea level landward and seaward of the shoreline during 
transgression and regression. 
Two intergradational sequences are present within the 
underlying terrace-formation. They are separated by a primary 
strandline with associated shoreline features. The landward 
terrestrial sequence is deposited on a terrestrial erosional 
surface. It consists of bed-load and overbank, estuarine, 
palustrine and deltaic stages. The seaward marine sequence 
is deposited on a marine erosional surface. It consists of 
littoral, sublittoral, bar barrier island-lagoon, and barrier 
island-tidal marsh and flat stages. The sequence may be 
repetitive through seaward growth of secondary deltaic stages 
and partial or climax marine sequences ending in a littoral 
stage during regression. 
Identification of a transgressive-regressive terrace­
formation is proved by identification of a terrestrial 
erosional unconformity on a preceding sequence with a terres­
trial or terrestrial and marine sequence overlying. Maximum 
mean sea level is indicated by palustrine stage surfaces 
adjacent to the primary strandline landward. 
Eleven terraces will be noted. Seven terrace­
formations have been proved to exist. 
127. Carpenter, J. H., J. C. Detweiler, J. L. Gillson, E. C.
Weichel, Jr., and J. P. Wood. 1953. Mining and concentra­
tion of ilmenite and associated minerals at Trail Ridge, 
Fla. Mining Engineering 5:789-795. 
128. Prouty, W. F. 1952.
Geol. Soc. Am. Bull.
Carolina bays and their origin. 
63:167-224. 
129. MacNeil, F. s. 1950. Pleistocene shorelines in Florida 
and Georgia. u. s. Geol. Surv. Prof. Pap. 221-F.
130. Langfelder, J., D. Stafford, and M. Amein. 1968. A 











Dept. of Civil Engineering, Project ERD-238, North 
Carolina State Univ. 
131. Pressler, E. D. 1947. Geology and occurrence of oil in
Florida. Arn. Assoc. Pet. Geol. Bull. 31(10) :1851-1862.
132, Wollard, G. P., W. E. Bonini, and R. P. Meyer. 1957. A 
seismic refraction study of the subsurface geology of the 
Atlantic coastal plain and continental shelf between 
Virginia and Florida. Univ. Wisc. Tech. Rep. Contract No. 
N7onr-28512, Madison, Wisc. 128 pp. 
133. White, W. A. 1970. The geomorphology of the Florida
peninsula. State of Florida Dept. of Natural Resources,
Geological Bull. No. 51, Tallahassee, Fla. 164 pp.
134. Cooke, C. w. 1943. Geology of the coastal plain of 
Georgia. u. s. Geol. Surv. Bull. 941. 121 pp.
135. Meyer, R. P. 1957. The geologic structure of the Cape
Fear axis as revealed by refraction seismic measurements .
Wisconsin Univ. Ph.D. thesis, 1adison. Ann Arbor, Mich.,
Univ. Microfilms, Inc., Pub. 21,861. 176 pp.
136. Toulmin, L. D., Jr. 1955. Cenozoic geology of southeast­
ern Alabama, Florida, and Georgia. Arn. Assoc. Pet. Geol. 
Bull. 39:207-235. 
137. Blumer, M., H. L. Sanders, J. F. Grassle, and G. R. Hampson .
1971. A small oil spill. Environmen 13(2) :2-12.
138. Puri, H. S. and R. 0. Vernon. 1959 (revised 1964). Sum­
mary of the geology of Florida and a guidebook to the
classic xposures. Florida Geol. Surv. Spec. Pub. No. 5, 
18 
Tallahassee, Fla. 255 pp. 
139. Richards, H. G. 1938. Marine Pleistocene of Florida.
Geol. Soc. Am. Bull. 49:1267-1296.
Pleistocene marine fossils are abundant along both the
east and west coasts of Florida, but have not been found 
higher than 25 feet above sea level. Most of these species 
are still living in the coastal waters of the State, and thus 
no significant climatic change is indicated. This study 
supports the view expressed by previous workers that the 
Anastasia formation and the Miami oolite were contemporaneous 
and that the Key Largo limestone represents a coral-reef 
deposit probably of the same age. The Fort Thompson formation 
may be o� the san� age, or parts of it may be younger. These 
fossiliferous deposits appear to merge with the Pamlico terrace 
and formation of Georgia and farther north. If this corre­
lation is correct, the Florida deposits under consideration 
probably date from the last major interglacial stage. 
140. Taney, N. E. 1965. A vanishing resource found anew. 
Shore and Beach 33(1) :22-26. 
141. Boesch, D. F. and C. H. Hershner. 1973. The ecological 
effects of oil pollution in the marine environment. In 
P. Baldwin, ed. Oil spills and the marine environment." 
Ballanger Publ., Cambridge, Mass., June 1974 (in press). 
142. Applin, P. L. and E. R. Applin. 1944. Regional subsurface
stratigraphy and structure of Florida and southern Georgia.
Am. Assoc. Pet. Geol. Bull. 28:1673-1753.
143. Bonini, W. E. 1955. Seismic-refraction studies of geo­
logic structure in North Carolina and South Carolina. 
Geol. Soc. Am. Bull. 66:1532. (abst.) 
Fifty-five seismic-refraction measurements were made along 
five traverses in North c�rolina and South Carolina to deter­
mine depth to and lithology of the basement complex beneath 















the Fall Line to the coast, one was run parallel to the coast 
midway between the Fall Line and the coast, and the other two 
were carried coastward to a basement depth of 2000 feet, the 
limit of the equipment. Seismic-velocity measurements were 
made at more than 20 sites in the Piedmont area on exposed 
basement rocks to aid in the correlation between velocities 
and lithology. 
In general two and occasionally three seismic horizons 
were recognized above basement. Variations in crystalline 
basement velocities tended to parallel the regional strike of 
the Piedmont. A new area of Triassic sediments near St. 
Charles, South Carolina, was found. The Cape Fear axis 
proved to be a pronounced basement ridge at the coast which 
gradually merged into the pre-Cretaceous peneplain surface 
near the Fall Line. 
144. Meyer, R. P. 1955. Seismic studies of offshore geologic
structure between Charleston, South Carolina, and Cape
Fear, North Carolina. Geol. Soc. Arn. Bull. 66:1597. (abst.)
Ten reverse seismic-refraction profiles were established
between the 10- and 20-fms lines off the North Carolina-South 
Carolina coast. The number of refracting horizons mapped 
varied from three to five; the crystalline basement rocks 
show up with characteristic velocities of 16,0P0 feet/second 
to 22,000 feet per second. Six profiles were established 
near the C pe Fear structural axis which in this area con­
stitutes a prominent basement ridge rising from about -4000 
feet off Charleston to -2000 feet off Cape Fear and falling 
away to the north to about -10,000 feet at Cape Hatteras. The 
ridge strikes approximately perpendicular to the general 
coast line. 
The general seaward slope of the basement rocks increases 
with distance from the shore. Seismic studies in this area 
are being continued. 
145. Miller, R. L. and J. M. Zeigler. 1964. A study of sedi­
ment distribution in the zone of shoaling waves over
complicated bottom opography. Pages 133-153 in R. L.
Miller, ed. Papers in marine geology: Shephardcornrnemor­
ative volume. The 1acmillan Company, N. Y.
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146. Ippen, A. T. and P. S. Eagleson. 1955. A study of sedi­
ment sorting by waves shoaling on a plane beach. Mass.
Inst. Tech., Hydrodynamics Lab., Tech. Rep. 18.
This paper represents an investigation into the mechanics
of the process by which beach sediments are sorted selectively 
when acted upon by shoaling waves. 
The experimental facilities consisted of a 100 foot long, 
2½ foot wide and 3 foot deep, glass-walled wave channel in 
one end of which an artificially roughened, fixed plane beach 
of 1:15 slope was installed. Waves were generated at the other 
end by a horizontally reciprocating piston actuated by a 
hydraulic servomechanism with continuously variable speed and 
stroke. 
Test conditions comprised seven waves in a range of 
equivalent deep water steepness of Ho/L = 0.02 to 0.06. 
Still-water depth was kept constant at 2.75 feet. The statis­
tical motion of discrete spherical sediment particles 2 to 6 
mm. in diameter and covering a 500 per cent variation in fall
velocity was studied for two separate uniform beach sand
roughnesses, k = 0.79 mm and k = 1.83mm.
Net sediment motion is found to be due essentially to 
inequality of hydrodynamic drag and particle weight with a 
position of equality separating zones of net onshore and net 
offshore motion. Net onshore particle velocitie� were found 
proportional to the indicated mass transport velocity of the 
fluid and approached the latter as the fall velocity of the 
sediment became negligible. 
Correlation of the data for the cases of zero net motion 
and of net onshore motion is obtained in terms of the local 
wave and particle characteristics, the sphere-roughness 
diameter ration, D/k, and the approximate boundary layer 
thickness,6. 
147. Field, M. E. and D. B. Duane. 1974. Geomorphology and
sediments of the Inner Continental Shelf, Cape Canaveral,
Florida. u. S. Army Corps of Engineers, Coastal Engineering
Research Center, Tech. Mero. No. 42. 87 pp. 
The Atlantic Inner Continental Shelf off central Florida 
was surveyed by the Coastal Engineering Research Center to 
obtain information on morphology, structure, and sediments of 
the seafloor bottom and shallow subbottom for use in interpre­













suitable for restoration of nearby beaches. Basic survey data 
consists of 360 statute miles of high resolution seismic reflec­
tion profiling and 90 sediment cores (10 to 20 feet long) 
collected in water depths of 25 to 90 feet below sea level 
Analysis shows the shallow subbottom is characterized by 
two continuous mappable acoustic horizons which lie nearly 
parallel to the present surface. The lower one lies at about 
40 to 80 feet subsurface and is mid-Pleistocene in age. The 
upper sonic reflector lies between 10 and 40 feet below bottom, 
and correlates well with a marked lithologic change from over­
lying unconsolidated sediments to deposits partially lithified 
by blocky, mosaic, calcite cement. Radiocarbon dates of 
intertidal shells and of overlying peats indicate this horizon 
is a pre-Holocene regressive surface. Slightly oolitic sedi­
ments comprising the layer are interpreted to represent a 
coastal complex deposited during a late Pleistocene (mid­
Wisconsin) high sea level. Tertiary strata are truncated by 
a Pleistocene erosion surface lying at between -120 and -160 
feet MSL. Overlying Quaternary sediments average about 80 
feet in thickness. 
Surficial sediments adjacent to Cape Canaveral are medium 
to coarse, well-sorted quartzose-mollusk sand. Areal distribu­
tion and thickness (up to 40 feet) of this modern sand is 
directly related to topography: deposits are thickest beneath 
topographic highs, generally less than 5 feet thick on flat 
areas, and absent in depressions. Late Pleis½ocene regressive 
sediments, which locally crop out, and overlying mid-Holocene, 
transgressive coastal (lagoon, barrier) sediments, have been 
reworked and reshaped to form an undulatory surface of active 
sediments. L te Quaternary and modern deposition has centered 
around the large, south trending, cape-associated shoals. The 
large plano-convex isolated shoals lying seaward of cape shoals, 
particularly The Bull Shoal, represent remnants of earlier 
cape-associated shoals segmented and stranded during late 
Holocene se -level rise . 
tudies of area beach sediments show them to be derived 
from: erosion of the shoreface; onshore transport from adja­
cent shoal regions; and southerly longshore transport into 
the rea. Petrology, faunal assemblages, and textural 
characteristics indicate that local coastal and shelf sources 
have been more import nt in the genesis of modern areal beach 
sands than southerly longshore drift. 
early off of the surficial sand deposits are suitable 
for beach restoration, and the thick deposits associated with 
topographic highs are the most suitable. Extensive deposits 
of sand suitable as borrow source comprise The Bull, Ohio-
193 
Hetzel, Chester and Southeast Shoals, which have minimum 
volumes of 32, 76, 9 , and 15 (xl06) cubic yards, respectively. 
Volumes of suitable sand in unsurveyed portions of Chester 
Shoal and Southeast Shoal are likely an order of magnitude 
larger. Total volume of surficial medium-grained sands 
within the confines of the study area is over 2 x 109 cubic
yards. 
148. Brooks, H. K. 19 61. The submarine spring off Crescent 
Beach, Florida. Q. J. Fla. Acad. Sci. 24:122-134. 
149. Swift, D. J. P., D. J. Stanley, and J. R. Curray. 19 71. 
Relict sediments on continental shelves: a reconsideration. 
J. Geol. 7 9 : 322-346. 
Relict sediments on shelves, originally defined as 
"remnant from a different earlier environment," are recog­
nized by petrographic criteria (grain size, iron staining, 
etc.), fauna, and topography. Recent studies have revealed 
a second set of attributes which indicate that these deposits, 
although originating in an earlier environment, are dynamic 
systems which are undergoing modification in response to their 
present environment, especially the hydraulic regime, and are 
approaching a state of equilibrium with this environment. The 
modification may be simulated by means of a stochastic process 
model. A spectrum of modern shelf regimes and the resulting 
deposits is considered. The high-energy, tide-dominated 
shelf seas of western Europe have extensively reworked their 
Pleistocene and Holocene transgressive substrates, producing 
a constructional topography and regional textural gradients. 
Similar topography and textural gradients are reported from 
the tide-swept shoals and banks off northeastern North America 
and from farther south in the Middle Atlantic Bight, a wave­
dominated shelf. Reworking in lower-energy environments such 
as the Gulf of Mexico may result only in textural mixing of 
the products of deposition of different periods of time and 
different sources. The reworked portions of relict sediments 
are thus a facies in transition, physically induced analogues 
of the chemically induced soil profiles of subaerial surfaces. 
While "relict sediment" is a valuable genetic name for the unre­
worked sediment type, "palimpsest sediment" is a convenient 
operational descriptive term for the reworked parts. A palimp­
sest sediment is one which exhibits petrographic attributes of 
an earlier depositional environment and, in addition, petro­
graphic attributes of a later environment. All intermediate 













sediments, to ''modern" autochthonous sediments in which all of 
the earlier petrographic and physiographic attributes have been 
changed. 
150. White, W. A. 1958. 
peninsular Florida • 
92 pp. 
Some geomorphic features of central 
Fla. Geel. Surv. Geel. Bull. 41. 
151. Hess, H. H. 1933. Interpretation of geological and
geophysical observations. U. S. Navy Hydrogr. Office,
Navy-Princeton gravity expedition to the West Indies in
1932.
152. Talwani, M. J., J. L. Worzel, and M. Ewing. 1960. Gravity 
anomalies and structure of the Bahamas. Puerto Rico Univ. 
Caribb. Geel. Conf., 2d, Trans. 
153. Brown, D. w. et al. 1962. Water resources of Brevard 
County, Florida. Fla. Geel. Surv. Rep. Inv. 28. 
154. Field, 1. E. 1974. Buried strandline deposits on the 
central Florida inner continental shelf. Geol. Soc. Am • 
Bull. 85 (1) : 5 7-60. 
Accumulations of the intertidal clam Donax variabilis
(Say) have been recovered from the Cape Kennedy inner-shelf 
subbottom. Depth of the shell deposits correlates with a 
marked, widespread sonic horizon that underlies the entire 
central Florida inner shelf. Composition, texture, and radio­
carbon ages of the shelf deposits correlate with available 
data on adjacent onshore beach ridges and with established 
sea-level curves. 
The occurrence and location of these deposits are con­
sidered significant for four reasons: (1) accumulations of 
D. variabili may provide a definitive marker in some areas 
for relict submerged beach deposits; (2) the restricted depth 
range for these mollusks makes them suitable for refining 
portions of the sea-level curve that are based on less well 
defined criteria; (3) shoals and ridges on the inner shelf 
95 
have often been interpreted as relict barriers, yet off Cape 
Kennedy these present-day bottom morphologic features (shoals) 
appear to be unrelated to the relict beach deposits described 
herein. This suggests that modern shoal formation must be 
unrelated to relict strand topography; and (4) the rare 
occurrence of buried strandline deposits on the shelf in the 
vicinity of Canaveral Peninsula, which is an area of well­
documented beach-ridge accretion, suggests a large-scale 
planing or truncating of the surface by the last transgression, 
which has removed all but trace remnants of the previous strand­
line morphology. In other shelf areas where beach ridge 
accretion has been less dominant, therefore, all traces of 
former strandlines may have been removed. 
155. Osmond, J. K., J. P. May, and W. F. Tanner.
the Cape Kennedy barrier-and-lagoon complex. 
Res . 7 5 ( 2 ) : 4 6 9- 4 7 9 . 
1970. Age of 
J. Geophys.
Thorium and uranium isotopic analyses of both modern and 
fossil shells and beach rock of the Cape Kennedy, Florida, 
area suggest that the materials can be treated as closed, 
datable systems that have experienced a brief open period 
after deposition (but before burial) during which both uranium 
and thorium were incorporated. An isochron method of correction 
for addition of Th230 is applied, based on results from the 
modern materials. Two periods of deposition befqre the present 
are indicated: one at about 110 thousand years ago, and another, 
less extensive, at about 30 thousand years ago. These deposits 
appear to represent the only high sea level stands of the 
Pleistocene in the area. 
156. Brooks, H. K. 197 2. Geology at Cape Canaveral. Pages 35-
44 in Space age geology, Southeastern Geel. Soc. Guidebook 
16thField Conf., Tallahassee, Fla., 1972. 
157. Ludwick, J. C. 1972. Migration of tidal sand waves in
Chesapeake Bay entrance. Pages 377-410 in D. J. P. Swift,
D. B. Duane, and O. H. Pilkey, eds. Shelf sediment trans­
port: process and pattern. Dowden, Hutchinson & Ross,
Inc., Stroudsburg, Pa.
Subtidal sand waves occur atop shoals and on shoal margins 
in the northern part of the tidal entrance to Chesapeake Bay, 















1.5-3.4 �- All major slopes are 2-3°, far less than the 
angle of repose of the constituent sediment. In flood­
dominated tidal channels, sand waves are asymmetrical and 
face landwards; in ebb-dominated tidal channels and atop most 
banks, sand waves face seawards. Where near-bottom flood and 
ebb tidal currents are equal in time-velocity impulse, sand 
waves of symmetrical-trochoidal profile are developed • 
Data from 21 successive echo-sounding profiles taken over 
a 17-mo period show that the seaward-facing asymmetrical sand 
waves are migrating seaward. Rates of migration of these waves 
range from 35 to 150 m yr-1. Symmetrical sand waves did not
show significant migration. Sand wave height changes season­
ally, symrnetrical-trochoidal waves experiencing a twofold 
height change. Small heights occur from October to late April 
when surface water waves are frequently higher than 1.5 m; 
large sand wave heights occur from May to September, particu­
larly during the latter month when surface water waves are 
usually lower than 1.5 m in height . 
Prominent shoals in the entrance area characteristically 
have ebb-dominated near-bottom tidal currents on one side 
and flood-dominated nc3r-bottom tidal currents on the other 
side. This pattern is suggestive of a sand circulation 
conjoint with the shoal. Geomorphic evidence, including that 
from sand wave facing direction, is consistent with the exis­
tence of sand-circulation cells. The circulation mechanism, 
because it creates lengthened sediment residence time in the 
cells, may explain how the shoals maintain their positions 
in the face of strong tidal currents and heavy wave action • 
158. Dzulynski, S. 1965. ew data on experimental production
of sedimentary structures. J. Sediment. Petrol. 35:196-
212
A new series of experiments has given further information 
on the development of scour structures, tool makings, and 
internal structures associated with turbidities . 
159. Houbolt, J. H. C. 1968.
bight of the orth Sea.
Recent sediments in the southern 
Geol. Mijnbouw 47:245-273. 
160. Swift, D. J. P., B. Holliday, N. Avignone, and G. Shideler.
1972. Anatomy of a shore face ridge system, False Cape,
Virginia. 1ar. Geol. 12:59-84. 
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The Middle Atlantic Shelf of North America is a broad 
sand plain, characterized by a subdued ridge and swale topog­
raphy. Some ridges extend into or merge with the shore face. 
Three such ridges at False Cape, Virginia, trending 
southwest, have second order ridges on their flanks. Systematic 
asymmetry of secondary ridge crests away from major troughs, 
toward major ridges, indicates that the ridges are maintained 
by coast-parallel currents forming a pattern of helicoidal 
flow cells. Median diameters decrease to the southwest along 
the ridge system. In addition, grain size varies with topo­
graphy. Troughs tend to be floored with a primary lag deposit 
of coarse, pebbly sand. Wave-winnowed crests consists of a 
secondary lag deposit of well-sorted, medium- to fine-grained 
sand. Flanks are fine- to very fine- grained sand winnowed 
out of the crests. Vibracores and pinger probe records reveal 
a three-fold stratigraphy. A basal unit consists of clayey 
· fine-grained sand of probable Late Sangamon-Early Wisconsin
age. An intermediate unit of relatively watery rnua has �'ielded 
a radiocarbon date of 25,700 + 800. The uppermost is the 
modern sand sheet into which the ridges are molded. 
The innermost ridge and trough appear to be actively 
forming in response to south-trending coastal ''currents," 
and the shelf tide during tropical and extra-tropical storms. 
The ridges appear to be moving westward, but it is not clear 
whether their longterm movement is more or :ess rapid than the 
rate at which the beach is retrograding. In any 9ase, Bruun 
coastal retreat appears to be occurring, with sea floor 
aggradation at the expense of the adjacent shore face. In this 
manner the retreating coast is generating a shelf ''relict" 
sand blanket with a ridge and swale topography. 
Coastal sediment movement has a southward component for 
fine sand through the ridge system, and may have, for coarser 
sand, a return north along the beach, by littoral drift. The 
ridge system may be moving south in response to headward 
erosion of the troughs. 
161. Maher, J. C. 1966. Summary of geologic framework and 
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